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Abstract 
Environmental decision-making within the nuclear energy sector is' a contentious, 
highly polarised, and often-debated subject. This portfolio develops understanding of 
the issues surrounding environmental decision-making by focussing upon the need for 
more comprehensive environmental impact determination and the need for more 
socially intelligent decision processes. 
A key limitation on comprehensive environmental impact determination within the 
UK nuclear sector results from the separate legislation covering radiological and non- 
radiological impacts; although radiological and non-radiological impacts are regulated 
by the same body within the UK, the Environment Agency (EA), they remain 
completely separate. As a result, often due to political pressure upon legislative 
procedures, radiological releases are targeted for reduction with scant consideration of 
the non-radiological impacts consequent on the abatement processes. To assess the 
impact of such an approach, Life Cycle Assessment (LCA) has been applied. 
However, the incorporation of environmental impacts arising from radionuclide 
species is controversial and still at an early stage of development. The lack of an 
accepted methodology for the assessment of radiological impacts has so far limited 
the application of LCA for environmental decision-making in this sector. The four 
published methodologies for assessing radiological impacts within LCA are reviewed: 
the Critical Volumes methodology; Site-Specific Dose Assessment; Damage Based 
Assessment; and Risk-based Approaches. It is found that the Site-specific approach is, 
the most realistic impact assessment methodology whereas the Risk-based 
methodology is the most comprehensive; i. e. the only approach which can account for 
the impacts posed by solid, liquid and gaseous releases. These two approaches are 
applied to determine the impact associated with the various abatement options for the 
treatment of aerial arisings of Carbon-14 (14C) frým the British Nuclear Fuels (BNFL) 
Sellafield site; this is the first documented application of LCA to a BPEO decision 
within the UK nuclear industry. The study illustrates the proposition that, generally, as 
radioactive discharges are reduced non-radioactive impacts increase. As a result the 
call for 'zero discharges' of radionuclides from the nuclear sector will result in an 
increase in environmental burdens at other stages of the life cycle and is likely to be 
unsustainable; a balance needs to be struck. 
However, to achieve such a balance the information generated through the application 
of LCA needs to applied within suitable socially intelligent decision processes that 
can adequately address the trade-off between the radiological impacts abated and the 
non-radiological impacts created. The technocratic approach to environmental 
decision-making is found to be insufficient because decisions in relation to the 
environment can never be based on science and economics alone; they must also be 
informed by values. Apparent objective processes like neo-classical economics (i. e. 
Cost Benefit Analysis (CBA)) and decision support systems (e. g. Multi-Criteria 
Analysis (MCA)) involve high degrees of subjectivity and this results in conflict 
where different groups of people apply different value sets to the same issue. The 
complexity of environmental valuation requires a deliberative, thoughtful process of 
value construction across multiple dimensions and across multiple metrics in order to 
help individuals arrive at an informed decision. Therefore a decision-making 
approach, which was a compromise between the MCA (specifically Multi-attribute 
Decision Analysis (MADA)) and deliberative approaches to decision-making, was 
adopted to provide a systematic framework to utilise LCA information and elicit and 
i 
integrate values. Two decision-making workshops were organised, around Carbon-14 
(14 C) abatement as the decision subject. The quantity of information presented to the 
decision-making group and the contributions/input from stakeholders differed. The 
workshops key findings were that the separation of technical and socio-political 
aspects in decision-making is problematic; facilitation and MADA expertise should be 
independent; stakeholders must not only inform decision-making but must also accept 
the decision-making methodology-, LCA and MADA have a symbiotic relationship 
and LCA information helps option assessment. 
The overall novelty of this work lies in: exploring the radiological impact assessment 
methodologies and. improving understanding regarding, the application of LCA for 
radiological impact assessment; exploring radiological & non-radiological impacts 
and demonstrating that by focussing on radionuclide impacts significant non- 
radioactive impacts can be overlooked; exploring LCA's role in decision-making and 
consequently supplementing research on,, MADA and Decision Conferencing, 
particularly through integrating an LCA component; and, exploring social risk 
communication & decision-making and'developing, applying and assessing a 
deliberative approach - to decision-making -a significant step in nuclear industry 
decision-making. 
The overall contribution to knowledge of this work lies in the innovative integration, 
of these principles and techniques within; a single decision-making, framework. for 
application within the UK nuclear energy sector., This research has addressed this 
need through, the novel application of more socially intelligent decision, processes, 
which can adequately address the trade-off necessary between the radiological 
impacts abated and the non-radiolo4cal impacts subsequently created. The output 
from this research will contribute to several fields of current interest, including the use 
of LCA for decision support within more socially intelligent decision-making 
frameworks. - 
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Executive Summary 
Environmental decision-making within the nuclear sector is a contentious, highly 
polarised, and often-debated subject. This portfolio aims to develop understanding of 
the issues surrounding environmental decision-making, and to investigate and develop 
possible remediation approaches by focussing upon two distinct components of 
environmental decision-making processes. 
Initially Chapter Two explores the development of the UK's approach to 
environmental regulation and decision-making in the light of the developing concept 
of sustainability. Environmental regulation had its origins, at least in the UK, in 
controlling local pollution of water or air; the effect of pollution was obvious and so 
generally was its source: smoke came from a chimney or dirty water from a pipe. The 
concept of Best Practicable Environmental Option (BPEO), introduced by the Royal 
Commission on Environmental Pollution (RCEP) in 1976 for environmental 
management/protection, drew attention to the link between pollution of the air, water 
and land and proposed an integrated approach so that damage to the total environment 
could be kept to a minimum. However, although the regulatory system has been 
modified in response to the trends and forces exerted upon it, it has not evolved to the 
full extent that is required. This is reflected in the limited scope of UK legislation; the 
current UK legislative framework for the assessment of environmental impacts is 
insufficient. Furthermore, although the UK government has acknowledged many of 
the principles that the RCEP have suggested for the improvement of the current 
regulatory regime, little has actually been done to change regulatory approaches. This 
is especially true within the nuclear sector -where, although radiological and non- 
radiological impacts are regulated by the same body, the Environment Agency (EA), 
they remain completely separate. As a result, often due to political pressure upon 
legislative procedures, radiological releases are targeted for reduction with scant 
consideration of the non-radiological impacts consequent on the abatement processes. 
To address this kind of issue, the RCEP advocates the use of Life Cycle Assessment 
(LCA) for comparing products and processes in order to provide a completely holistic 
assessment of the environmental impacts over an activity's life cycle. The UK 
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government has acknowledged that the technique is useful in enviromnental decision- 
making. However, the regulators have so far been reluctant to accept the application 
of the LCA technique within the UK; this needs to change. 
Following the analysis of the role of LCA in Chapter Two, Chapter Three focuses 
upon LCA itself Incorporation of environmental impacts anising from radionuclide 
species is a controversial but still fairly limited area of research. The lack of an 
accepted methodology for the assessment of radiological impacts has limited the 
application of LCA for environmental decision-making within the nuclear sector; 
although some approaches have been proposed, none has been applied or evaluated in 
earnest. The four published methodologies for assessing radiological impacts within 
LCA are reviewed: the Critical' Volumes , methodology; Site-Specific Dose 
Assessment; Damage Based Assessment; and Risk-based Approaches. The Critical 
Volumes methodology gives limited information as it fails to account for the fate and 
exposure'associated with any releases. However, the remaining methodologies all 
estimate human ý exposure from discharges using comparable, but slightly different, 
techniques for fate and exposure analysis. It is found that the Site-specific approach is 
the most realistic impact assessment methodology because it utilises real local data, 
whereas the Risk-based methodology, due to 'its generic approach, is the only 
approach that can account for the radionuclide impacts associated with solid waste 
disposal, along with those'arising from direct discharges (gaseous and liquid) at all 
stages of the nuclear fuel cycle.! Consequently, these two approaches are used in this 
work, to determine the radiological impact associated with'various abatement options 
for the trbatment of aerial arisings of Carbon-14 (14C) from the British Nuclear Fuels 
(BNFL) Sellafield site presented in Chapter Four. 
The study presented in Chapter Four is the first documented application of LCA to a 
BPEO decision within the UK nuclear industry. The choice of the 14C species is 
significant because the majority of the controversies that surround its management 
arise more generally in debates over environmental management in the nuclear sector; 
Le'. should the species be diluted' directly into the environment resulting in low 
individual risk'with no future disposal, problems, or should the species be captured 
and a waste repository constructed'and maintained, resulting in increased operating 
risks and future risks to those living near the repository? Furthermore, because the 
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species represents a high Becquerel (Bq) discharge it is also subject to the Oslo Paris 
(OSPAR) Convention for the Protection of the Marine Environment. However, the 
analysis in Chapter Four shows that in calling for 'zero discharges' to the marine 
environment OSPAR will result in an increase in environmental burdens at other 
stages of the life cycle, possibly resulting in an increase in solid radionuclide 
discharges with associated non-radioactive impacts. Thus the OSPAR agreement 
conflicts directly with the recommendations made in Chapter Two regarding the 
consideration of the environment as a whole. Interestingly, the Site-specific and Risk- 
based radionuclide impact assessment methodologies were found to give significantly 
different results. Nonetheless, the study illustrates the proposition that, generally, as 
radioactive discharges are reduced non-radioactive imp acts increase. Furthermore, it 
reinforces the argument that defining and quantifying the burdens and impacts 
associated with process changes can provide valuable information for , decision- 
making, further strengthening the case for adopting a holistic approach to systems 
analysis. LCA is shown to be a useful envirom-nental management tool as it can assist 
in prioritising discharge reductions, whilst simultaneously accounting for the 
additional environmental impacts created. 
However, there is a need to develop socially- intelligent decision processes that can 
adequately address the trade-off between the radiological impacts abated and the non- 
radiological impacts subsequently created. Chapter Five reviews the technocratic 
approach to environmental decision-making, which is epitomised by experts utilising 
technical data, making decisions in isolation and delivering the outcome to lay 
audiences. The key finding is that decisions in relation to the environment can never 
be based on science and economics alone; environmental decisions must be based on 
the scientific evidence and an analysis of technological options, but they must also 
take into account risks and cost, recognise -uncertainty, and 
be informed by values. 
However, there is considerable confusion surrounding the definition of values, and 
many problems inherent in environmental decision-making are exacerbated by 
equating values with preferences. The distinction between values and preferences is 
an issue of principle; whilst people may sell or simply give up things which they 
merely prefer, things which are valued cannot be treated in the same way. The extent 
to which values are preformed or defined is a matter of debate, but it is generally 
accepted that they may be modified as a result of information, discussion and 
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reflection. In light of these findings the neo-classiCal economics (i. e. Cost Benefit 
Analysis (CBA)), decision support (e. g. Multi-Criteria Analysis (MCA)), and 
deliberative and discursive - approaches , (e. g. Citizens' Juries & Consensus 
Conferences) for identifying, measuring and comparing 'values' in environmental 
decision-making are reviewed. The key 'finding is, that the complexity of 
environmental valuation requires a deliberative, - thoughtful process of value 
construction across multiple dimensions and across multiple metrics in order to help 
individuals arrive at an informed decision. However, it is also recognised that there is 
limited empirical evidence to'inform the application of this kind of approach. As a 
result this research adopts a decision-making approachwhich is a compromise 
between-the MCA (specifically Multi-attribute Decision Analysis (MADA)) and 
deliberative approaches to decision-making, to provide'a systematic framework for 
eliciting and integrating the multiple dimensions of complex values. 
The BNFL 'Decision-making Methodology' (DMM), a MADA type'- approach to 
environmental decision-making, developed -independently from this research, was 
used to structure the two decision-making workshops outlined in Chapter Six. The 
abatement of Carbon-14 (14 C) arising from the Sellafield Thermal Oxide 
Reprocessing Plant (THORP), outlined in Chapter Four, was chosen as the decision 
subject. ý The workshops combined the theoretical concepts developed in previous 
chapters within a non-threatening environment to provide BNFL with an evaluation of 
their draft DMM, a review of the role of stakeholders and of the application of LCA in 
environmental decision-making within BNFL., The quantity of information presented 
to the decision-making group and the contributions/input from stakeholders differed 
between the two workshops. During Workshop One (WS 1), BNFL representatives in 
isolation ran through the' DMM and made a decision using information that is 
typically available to support environmental decision-making within BNFL. During 
the initial stage of Workshop Two (WS2), BNFL- and stakeholder representatives in 
collaboration worked through the DMM using the same environmental information as 
the BNFL representatives in WSL However, during the latter stage of WS2 the 
BNFL and stakeholder representatives were presented with full environmental life 
cycle impact data for each of the decision options under study. The workshops were 
independently facilitated and, were carried out in collaboration with external 
organisations. The following conclusions and recommendations emerged: 
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* Although the DMM is a MADA type approach to environmental decision-making 
there are issues which limit its effectiveness; specifically those associated with the 
artificial separation of the technical and socio-political components of decisions 
and the application of CBA as an aggregation technique. 
9 The workshops confirmed that different groups of people, can view the same issue 
from completely different perspectives. Engaging a broad range of views in 
decision-making can result in: more informed and accountable decision-making; 
increased assurance that all issues of legitimate concern have been addressed; 
improved trust due to decision-making being more open and transparent; 
promotion of better relations; and more efficient/less costly delays later in the 
decision-making/implementation process by addressing conflict earlier. As a 
result it is recommended that BNFL develop guidance, in collaboration with 
stakeholders, on how stakeholders are selected and approached for decision- 
making exercises. 
9 It has been established that the information provided through the application of 
LCA can be used effectively within a MADA style framework for environmental 
decision-makiýg. Although the application of LCA did not directly influence the 
decision-making outcome in the research workshops, it did positively influence 
the decision-making process, which in turn reinforced the outcome. In particular 
LCA supports environmental decision-making because it: clarifies the decision 
context; expands the boundaries of the system under consideration; makes the 
boundaries of the decision explicit; supports scoring and weighting of 
environmental attributes; makes the final decision arrived at more transparent; and 
adds confidence to the decision outcome. Therefore, practical guidance needs to 
be developed on the role and application of LCA for decision-making within 
BNFL. 
In summary this portfolio has addressed key issues in environmental decision-making 
within the nuclear industry. Not only has it considered the technical and scientific 
component of the environmental impacts relevant to the nuclear debate, it has also 
explored the social aspects of environmental decision-making. The application of 
LCA has demonstrated that focussing upon the impacts posed by radionuclides means 
overlooking significant non-radioactive impacts created elsewhere in the life cycle. 
Thus LCA should be used to ensure that the entire life cycle impacts posed by an 
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activity are recognised. Furthermore, the research application of a more deliberative 
approach to environmental decision-making represents a significant ý step in the 
evolution of decision-making within the nuclear industry; i. e. moving away from the 
technocratic approach. Although the decision outcome is of limited significance, the 
running of the workshops has not only provided BNFL, with invaluable information 
on decision-making, but also represents a significant contribution to knowledge with 
regards to the application of more deliberative approaches to environmental decision- 
making. Consequently, ' the output from this research should contribute to several 
fields of current interest, including the use of LCA for decision support. 
i 
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Introduction 
In the modem industrial economy, energy use and supply, with the possible exception 
of agriculture and forestry, has made the greatest impact on the environment of any 
human activity -a result of the large scale and pervasive nature of energy related 
activities. Furthermore, as the United Nations (UN) estimates there could be as many 
as eight billion people on Earth by 2020 the U. S. Department of Energy, in their 
International Energy Outlook (2001), predict that World energy consumption will 
grow by 59 percent over the next 20 years. This will have enormous environmental 
implications, and demands increased attention to the environmental and health related 
impacts of energy generation. Nevertheless, although energy and environment 
concerns were originally local in character (e. g. problems associated with extraction, 
transport or noxious emissions) they have now widened to cover regional and global 
issues such as the greenhouse effect. As a result energy related problems have now 
become major political issues and the subject of international debate and regulation; 
e. g. the United Nations Framework Convention on Climate Change (UNFCCC) 
negotiated in Rio de Janeiro in 1992 highlighted the need for effective carbon 
management'. Consequently, there is an urgent need to work towards sustainable 
strategies that provide the energy services required for supporting economic growth 
while minimising the system related impacts. 
In the 1987 Report of the World Commission on Environment and Development (the 
Brundtland Report) entitled 'Our Common Future', sustainable development was 
defined as '-development that meets the needs of the present without compromising 
the ability of future generations to meet their own needs'. Within the goal of 
sustainability, there are three broad areas that are generally considered relevant in 
. 
decision-making as practical constraints on human activities (Clift, 199S): 
1 Carbon management is the control of carbon emissions within the economic, social, technical and 
policy constraints that impinge on individuals, companies and countries. 
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" Natural and physical sciences, including ecology and thermodynamics, the 
physical laws and relationships that shape ecosystems. Perspectives on this area 
are described as 'environmental%, 
" Micro-economics and technology: the economic relationships, structures and 
products that shape business systems. Perspectives on this area can be described as 
&economic'. 
" Social issues and macro-economics: the social structures and issues that shape 
society, reflecting peoples values. Perspectives on this are described as 'societal'. 
Figure 1.1 The Three Lobes of Sustainability 
'Scientiric' lobe , 
Natural & 
Physical 
Sciences 
'Business' Lobe soýjj irý- ýjw &) 
'Societal' lobe 
Ec: ornic, ý & Macro- 
ýTecbnology JXX 
Economics 
Sustainable Development 
(Clift, 1998) 
Energy generation has links with these three dimensions"of sustainable development 
because energy services are essential for economic and social development. Thus, as 
energy use is predicted to grow, its health and environmental impacts will have to be 
controlled, alleviated or mitigated in order to achieve sustainability goals. As a result 
there is an urgent need to increase our knowledge'of the environmental consequences 
of energy generation in order to'be able to make improvements that promote 
sustainability. 
The performance of nuclear energy, based upon more than 10,000 reactors-years of ' 
experience world-wide, is satisfactory, and nuclear power plants in operation compete 
successfully on deregulated electricity markets in several countries. Furthermore, the 
number of accidents that have occurred in civil nuclear facilities and led to human 
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fatalities, or significant health or environmental damage, remains extremely low after 
several decades of commercial use of nuclear energy (OECD, 2002). As a result 
nuclear energy is an important component of electricity supply for many countries; for 
example in the Organisation for Economic Co-operation and Development (OECD) 
European area nuclear energy represents nearly 30% of the electricity supply (OECD, 
2001). Many argue that nuclear energy should play a bigger role in electricity supply 
because it 'has advantages in terms of global warming, ý cost stability and high 
capacity factors that make it compatible with the goals of sustainable development' 
(Doucet, 2003). Furthermore, the EU's ExternE project makes clear that the 
environmental costs associated with the fossil fuel technologies are many times higher 
than those of nuclear and the renewables; unlike other energy carriers, nuclear is 
required to practice a cradle-to-grave approach to its waste streams and 
decommissioning programme. 
However, there are a number of problematic issues surrounding the development of 
nuclear power as a contributor to more sustainable energy systems; e. g. the long-term 
management of radioactive wastes arising from electricity generation and the safety 
related issues associated with nuclear energy activities. This portfolio does not 
attempt to cover all of these issues but will concentrate on the development of Life 
Cycle Assessment (LCA), in order to sufficiently address the scientific/regulatory 
aspects of decisions, and the application of a more socially intelligent approach to 
environmental decision-making. 
The link between LCA and sustainability exists because LCA identifies and assesses 
environmental impacts associated with services delivered to societies. Minimisation 
of these impacts leads to more sustainable human activities when balanced against 
other environmental, social and economic impacts. However, within the nuclear 
industry this is more difficult than it first appears because radiological and non- 
radiological impacts are often considered in isolation from each other. This separate 
2 Many proponents of nuclear power draw attention to the potential contribution of the technology to 
lowering the amount of greenhouse gases (GHG) - notably carbon dioxide (C02) - released by the 
energy sector. For example, without nuclear power, OECD power plant emissions Of C02 would be 
about one-third higher than they are at present. This represents an annual saving of -1200 million 
tonnes Of C02, or about 10% of total C02 emissions from energy use in the OECD (OECD, 2002a). 
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treatment of the two fields by the scientific and professional communities has led to 
the evolution of two distinct cultures. The result of this separation is evident within 
the current regulatory regime as decisions with regard to the abatement of one species 
are often carried out without regard for secondary impacts. While separate 
radiological and chemical impact management practices persist - at legal, regulatory 
and professional practice level - many of the environmental management decisions 
that society needs to face today require the simultaneous evaluation and control of 
both radiological and non-radiological impacts. This environmental reality requires 
interaction between the two cultures which often ends in disagreements; there is a 
need to resolve this clash of cultures (Tran et al., 2000). 
This lack of a holistic environmental management approach has resulted in well 
acknowledged minor reductions of radiological environmental impacts being coupled 
with unacknowledged major increases in non-radiological impacts at other stages of 
an activity's life cycle. In Figure 1.2, which describes the relationship between 
radionuclide reduction and resultant non-radiological increases, this results in a shift 
away from the environmental optimum towards the right of the diagram where 
relatively minor reductions in radiological dose often result in relatively high non- 
radiological burdens. 
Figure 1.2 The Environmental Optimum 
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Environmental 
optimum 
------------ 
Environmental Impact 
RelativelY high burdens, 
high impacts and NORM 
Relatively low radiological 
dose and risk 
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The current process within the UK actually results in shilling environmental impacts 
around an activity's life cycle, rather than an overall reduction. To effect more 
environmentally conscious decisions it is therefore necessary to apply sound science 
and emphasise the life cycle impacts of an activity within the decision-making 
framework. 
However, adding further complexity to the situation, decisions associated with nuclear 
technology have traditionally been made using technical and quantitative techniques 
(e. g. probabilistic risk assessment and cost benefit analysis), and it is recognised that 
the use of these approaches have generally not been well received by the public. 
Consequently, the application of LCA, being a technical and quantitative technique, in 
isolation is unlikely to allay public concerns, even though it may make decisions more 
transparent. The reason for this is that technical and quantitative techniques fall to 
take account of the subjective, non-scientific cnteria that affect public perception of 
risk regarding nuclear technology. As a result the perception of risks posed by 
nuclear energy differs markedly from the scientific assessment of those risks and even 
from the actual experience reflected in statistical data on damages, morbidity or 
mortality resulting from nuclear energy activities. Studies have shown that the 
general public evaluates risks not by standard scientific computation of probability 
times consequences, but through a series of subjective criteria. Criteria that affect 
public perception of risk in the field of nuclear industry operations include 3: 
0 the links to the military, both real (the development of shared facilities) and 
perceptual and the fact that much nuclear information has historically been highly 
restricted, coupled with a sometimes apparent unwillingness to give 'straight 
answers' (because of links to military nuclear operations in some countnes or 
because of commercial issues) which has fostered great public mistrust and 
hostility toward the responsible agencies; 
0 the complexity of a technology that is not well understood by ordinary people and 
requires specialists for its operation, together with the historical arrogance of 
many in the industry, dismissing opposition, however well-founded or sincerely 
held, as 'Irrational'; 
3 This summary of criteria is taken from Grimston (2002) and OECD (2000 & 2002b) 
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the centralised rather than, local control of projects so that affected people cannot 
participate in operating decisions, exacerbated by the apparent vested interest of 
many nuclear advocates, to be contrasted with the apparent altruism of opponents 
who are often not funded to take part in public inquiries; 
the perceived potential for a high consequence accident as a result of a single 
failure, even if it is recognised that the probability of occurrence is very low, and 
other enviromnental and health effects, notably those associated with radioactive 
waste; 
@ the overselling of nuclear technology, especially in its early days and in particular 
with regard to its economics, leading to a degree of disillusionment and distrust; 
9- the general disillusiomnent -with science and technology, and with the 'experts 
know best' attitude of mind that was more prevalent in the years immediately after 
the Second World War, coupled with the wider decline of 'deference' towards 
'authority' (including politicians and regulatory bodies) and the lack of clear need, 
and no perceptible benefit, at least in most developed countries; and the 
invisibility of the risk source. 
As a result,, as illustrated in Table 1.1, the public is willing to accept radiation doses 
resulting from natural background sources as well as from a number of routine human 
activities; e. g. medical x-rays, using a computer or flying. However, the public 
remains apprehensive of any activities associated with the nuclear industry. In other 
words the actual risk from activities generally perceived by the public as non- risky far 
outweigh, the risk of living near a nuclear power plant, generally held to be risky by 
the public. ' 
Table 1.1 Doses from Vhrious Radiation Sources 
Source Dose (gSv/year) 
Earth's Crust (Comwall, UK) 7000 
Earth's Crust (Sydney, Australia) 160-900 
Outer Space (Sea level) 260 
Medical X-ray 200 
Living in stone, concrete, or brick building 70 
Airline flight (per 1,000 miles flown) 10 
Computer terminal I 
Coal-fired power plant (within 50 miles) 0.3 
Nuclear power plant (within 50 miles) 0.09 
Smoke detector 0.08 
(Source: OECD, 2002) 
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More interestingly, when it comes to considering the effect that public opinion has on 
decision-making, a further complication occurs. Decision-makers, naturally, will in 
part base their decisions on their perception of public opinion, in other words the 
perception of a perception. There is some evidence that these second-order 
perceptions may also be subject to some systematic errors (Table 1.2). 
Table 1.2 Perceptions of Public Perception 
Favourable Unfavourable Neither favourable 
towards nuclear towards nuclear nor unfavourable/ 
energy industry energy industry don't know 
Public opinion 28% 25% 47% 
All MPs 43% 44% 13% 
MPs' perception of 2% 84% 14% 
public opinion 
(Grimston, 2002) 
These data imply that, at least in the UK, the perception of public opinion among 
decision-makers may not be accurate, and therefore that the decisions being taken 
may be skewed by assumptions that may not be true. Observations of this nature 
emphasise the need to explore and evaluate public views at an early stage in the 
decision-making process. 
As a result the perceptions of negative public opinion, whether justified or not, can act 
as an absolute barrier to the nuclear industry's developments. In the most extreme 
cases, fears of public reaction can lead to a fully completed plant being refused an 
operating licence, or can convince a govenunent to take steps to prevent nuclear 
construction or to close down existing facilities before the end of their technical 
lifetimes. Since 1978, for example, some 14GW of nuclear power plants, and one 
Mixed Oxide (MOx) fuel production plant, have been closed or halted in advanced 
stages of construction for non-economic reasons in six countries (Austria, Germany, 
ItalY, Spain, Sweden and the USA), some as a direct result of referenda. Germany, 
the Netherlands and Sweden have adopted formal phase-out policies by law, 
Switzerland adopted a ten-year moratorium on new construction in 1990, and 
Belgium has taken a policy decision to phase 
'out 
nuclear power. A number of 
countries which do not have operating nuclear power, plants, such as Australia, 
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Austria, Denmark, Greece, Ireland, Norway and Poland, have put in place legal or 
policy obstacles to nuclear power (Grimston, 2002). In fact, only Finland has decided 
to further invest in nuclear power through the construction, set to begin no later than 
2005, of their fifth commercial nuclear reactor. 
Research on the public perception of risk strongly suggests that the rationality of 
physical science and the rationality of everyday life can diverge quite radically. 
Consequently, no amount of technical proof of safety, or communication of that proof, 
will SUffice to . 
41ter public opinion unless other conditions are met first. Unless the 
immense barriers to communication posed by the risk perception factors are first 
overcome or removed, the information will not be received or processed by its 
intended audience in a manner that lowers the perception of the risk (INSC, 1998). 
Thus, the development of a more socially aware approach to environmental decision- 
making represents a key step in the evolution of decision-making within the UK 
nuclear industry. The relationship between -sustainability and decision-making is 
evident in that technological assessment and public acceptance of similar issues often 
results in, disagreement and conflict. It is necessary therefore, to move towards a 
more equitable decision-making framework in which the views of all stakeholders can 
be included. Sustainability emphasises the need for industry to have a new 
relationship with society as there are changing public expectations towards active 
involvement in decision-making, the public have increased personal access to 
information and there is an obvious deficiency in trust between industry and decision 
makers (Petts, 2001). ý Trust is an important commodity (Slovic, 1993); however, the 
nuclear. industry is one of the least trusted industrial sectors in the modem world. 
Trust,, formation -is -often more fundamental to conflict resolution than risk 
communication itself, but, this trust can only be developed through deliberative 
dialogue. The, negative public perception of the nuclear industry may be rectified 
through an effective two-way communication programme4. Consequently, there is a 
need for new processes for public participation in decision-making which provide 
4 Contrary to expert fears, it is evident that when scientific uncertainly or lack of expertise is openly 
acknowledged, and when management mechanisms to deal with the situation are explained, demands 
for zero-risk options are not forthcoming from the majority, and experts are not rebuked. Members of 
the public who have an opportunity to address issues in an informed manner are willing and able to 
balance risk and benefits (Petts, 1997). 
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greater opportunities for debate and dialogue. Contemporary society has become 
increasingly interested in participating in public decision-making on health, safety and 
environmental protection issues. Put most simply, there is now less willingness on 
the part of the public to leave important, decisions solely to governments, regulators 
and industry (OECD, 2002). 
As technology becomes more and more integrated, influencing more aspects of daily 
life, citizens believe they should have a democratic right to influence its development 
(Sclove, 1995). The debate on direct public participation in decision-making (as 
opposed to procedures of representative democracy) has been flourishing in the last 
decade, encouraged by pronouncements from Europe (Table 1.3) and elsewhere 
which recognise the, potential contribution of citizens to a better understanding and 
management of issues of common concern in environmental as well as othermatters. 
Table 1.3 Pronouncements Defining the Right to Participate 
Type of document 
Council Directive 85/337/EEC 
ýouncil Directive 97/1 I/EC 
88/41 /EEC: Commission 
recommendation 
Council Directive 90/219/EEC 
Council Directive 91/220/EEC 
Council Regulation (EEC) No 
880/92 
General 
The assessment of the eFf-ect of 
certain public and private 
projects on the environment. 
The involvement and 
improvement of consumer 
participation in standardisation. 
The contained use of genetically 
modified micro-organisms. 
The deliberate release into the 
environment of genetically 
modified organisms. 
The community Eco-label 
award scheme. 
, 
Participation 
Public involvement should be 
achieved as part for the projects 
ongoing assessment. Although 
the later directive is more 
effective in defining public 
involvement. 
Groups or the public should be 
consulted on any aspect of the 
deliberate release. 
The consultation of interest 
groups to define specific 
ecological criteria to award 
such labels. 
Council Directive 96/61/EC The integrated pollution The public to have access in the 
prevention and control directive. permit procedure of new 
industrial installations. 
Council Directive 96/82/EC The control of major accident Extends ftulher the right of 
hazards involving dangerous public involvement and access 
substances. to information. 
Council Directive 97/1 I/EC The assessment of the effects of 
certain public and private 
projects on the environment. 
(Source: De Marchi et al., 2001) 
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The most influential of, these was the' Rio --declaration 'of 1992 which provided 
momentum for the development of initiatives under Local Agenda 21, and also, the 
1998 Aarhus convention whick has laid down principles f6r access to information, 
public participation in decision-making and the access to justice in environmental 
matters, pointing to necessary -structural and institutional 'arrangements. In the 
preamble of the convention (not yet widely ratified) it is stated that 'in the field of the 
environment,, improved accessAo inforination and public participation in decision- 
making enhance the quality and implementation of decisions'. 
Thus, a good decision emerges from a decision making process that elicits the views 
of those affected by the decision, so'that differing technical assessments, public 
values, knowledge, - and perceptions are considered " (Presidential/Congressional 
Commission on, Risk Assessment and Risk'- Management, 1997). However, when 
defining a good decision, it is impossible to do so without reference to the process 
utilised to arrive at the decision., Generally however, 'a number of characteristics can 
be defined that are generally associated with good decisions. A decision is good if it 
satisfies the objectives of the decision takers. Additionally the decision should be at 
least broadly accepted among the majority of actors (those who respond to the 
decision) and receivers, (those experiencing consequences of the decision). Thus, 
when making decisions within a sustainability - 
framework, there is a need to address a 
wide variety of factors e. g. facilitate sound dialogue, clarify problems/issues, be 
transparent and involve stakeholders 7 all of which relate to the relationship between 
industry and the public. Industry has. often viewed its communication as founded 
upon a bedrock of public irrationality, lack of scientific literacy, agenda based 
opposition, subjectivity and zero-risk focus (Petts, 2001). However, in recent years 
industry has realised that the problems are caused by lack of effective communication; 
therefore it is industry's responsibility to address the issues that are now being raised. 
In summary, the importance of a scientifically robust and socially aware approach to 
environmental decision-making within the nuclear sector cannot be ignored, and as a 
result the challenges facing those'who have the responsibility for environmental 
decision-making have multiplied. The underlying concept of management is 
influenced by a pragmatic recognition of the trend towards a more holistic view of the 
wider environment. Coupled with the complexity of decision-making is the 
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increasing role that the stakeholders will play in decisions. The field of 
environmental decision-making is increasingly looking towards measures of 
environmental ethics, cultural sustainability and equity. As a result there is a need to 
devise a, decision framework that allows for scientifically sound, economically 
justified and socially responsible decisions to be made at all stages of the nuclear fuel 
cycle. 
Figure 1.3 The Nuclear Fuel Cycle for a Light Water Reactor 
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The nuclear fuel cycle is shown in outline in Figure 1.3. A process to support sound 
decisions must account for life cycle impacts and be deliberative, allowing all 
stakeholders to contribute to the decision making process. This portfolio investigates 
these issues, taking the specific example of abatement of Carbon-14 (14 C) arisings 
from the Sellafield site to explore how decision processes can accommodate both 
radiological and non-radiological impacts. 
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The goal and scope of this thesis as defined will be referred to in several places 
throughout the portfolio. The portfolio, the structure of which is presented in Figure 
1.4, is divided into two distinct themes which are developed in parallel and then 
brought together. Initially, the controversies surrounding the life cycle radiological 
and non-radiological impacts posed by nuclear activities are explored. The second 
theme recognises that the lack of public confidence in the nuclear industry is not 
solely due to a lack of public understanding, but relates instead to the environmental 
decision-making process. 
Figure 1.4 Structure of Portfolio 
Chapter I 
Introduction 
Chapter 2 
The Evolution of Environmental Regulation and 
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Chapter 3 
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Environmental 
Decision-making 
Chapter 4 
The Carbon-14 Life 
Cycle Assessment 
Chapter 6 
The Integration of Life Cycle Assessment & Stakeholder 
Deliberation for Decision-Making 
Chapter 7 
Conclusions 
Chapter Two introduces the evolution of environmental legislation and decision- 
making within the UK, highlighting the past and present approach to pollution 
control. Furthermore, the chapter identifies potential and actual future developments 
of environmental decision-making. Chapter Three introduces the LCA methodology, 
describes the limitations of the technique for the assessment of radionuclides and 
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presents four methodologies (cntical volume, site specific, damage assessment and 
risk based) that have been proposed for the scientific assessment of radionuclide 
impacts within LCA. The fourth chapter identifies and evaluates the key radiological 
and non-radiological impacts, using LCA, posed by vanous options for the abatement 
of 14 C arising from the Sellafield site. Chapter Five explores the social aspects of 
decision-making through introducing the field of environmental nsk communication, 
identifying recent developments in the field; it explains why the elicitation and 
articulation of environmental values are an integral component of an environmental 
decision-making framework. Three techniques currently available for the elicitation 
of environmental values (neo-classical economics, multi-critena analysis (MCA) and 
deliberative and discursive techniques) are reviewed. It is concluded that the 
deliberative approaches are the most favourable for the elicitation of values, but 
highlights that there is limited empirical evidence of their application. A final 
application of the thesis developed within the previous chapters is illustrated in 
Chapter Six where a research application of a deliberative approach to environmental 
decision-making, which utilises the LCA data generated from the 14C study, is 
conducted. The preliminary findings and main conclusions drawn from this work are 
presented in Chapter Seven. The various appendices supporting the work in these 
chapters will be referred to throughout the text. 
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Chapter 2 
The Evolution of Environmental Regulation & 
Decision-making 
2.1 Introduction 
This chapter is divided into three distinct, but closely related, sections each concerned 
with a different aspect of environmental protection and decision-making within the 
UK. The first section introduces the evolution of environmental legislation within the 
UK and highlights the key aspects of the current pollution control regime. 
Specifically it draws attention to the issues regarding the distinct regulation of 
radiological and non-radiological impact assessment and emphasises the need for a 
truly holistic, and therefore effective, pollution control regime. The second section, 
picking up from the first, develops the thesis that only implementation of a truly 
holistic pollution control regime can achieve effective environmental decision- 
making. There is a need to address the link between decision-making and society and 
effectively comprehend and manage the role, and influence, that the general public 
has within environmental decision-making. The final section is concerned with 
making effective decisions and it addresses how the issues raised within the first and 
second sections need to be transposed into suitable decision-making frameworks for 
the resolution of environmental problems. 
Thus, the chapter describes how environmental legislation/management has evolved 
and identifies the direction in which it should be progressing. In order to be as 
comprehensive as possible a number of reports regarding the current and future state 
of environmental policy and decision-making within the UK, published over the last 
30 years by the Royal Commission on Environmental Pollution (RCEP), are 
referenced. The UK Government's response to the RCEP Reports and reports 
published by independent environmental consultants are also referred to. 
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2.2 Environmental Legislation 5 
The development of pollution control legislation in the UK has been a gradual 
process, with most'of it resulting from the Industrial Revolution of the late 18th and 
19'h centuries. Traditionally the, role of. enviromnental law was targeted toward the 
protection of public health. Although the secondary purpose of such control was that 
the environment was protected from harm, this was not the main purpose of the 
legislation. 
Environmental and safety legislation stem from the management of atmospheric 
pollution control. The Alkali, etc. Works Act (1863) was the. first legislation which 
placed controls on emissions, while allowing a rapidly growing chemical industry to 
develop; the same Act set up a national inspectorate to enforce the legislation. The 
second Alkali Act (1874) required the. application of the 'Best Practicable Means' 
(BPM) principle - to prevent the escape of noxious or offensive gases 
6. 'Me 
requirement applied to escapes that arose indirectly from any part of the process or 
exit flues, as well as to fugitive releases.,, The 1874 Act also introduced the first 
statutory emission limit; for hydrogen chloride. A series of Acts then followed which 
were eventually consolidated by the Alkali, etc. 1 
Works Regulation Act 1906. This 
linked together a schedule of works considered most likely fo cause pollution 
problems. Between 1926 and 1963, a number, of orders were passed to extend control 
over various processes. 
However, the legislation was neither properly enforced nor did it address all the 
difficulties emissions to the atmosphere could cause. Consequently, although the law 
sought to deal. with one - problem another problem arose elsewhere. 
As new 
environmental issues, emerged, 'legislation 
was introduced which often resulted in 
separate bodies being responsible for enforcement in respect of overlapping 
emissions. RFsultantly, the control of emissions to the atmosphere was pieced 
5 The history of environmental law presented here is essentially a summary of that presented in Ball & 
Bell (1994), McEldowney & McEldowney (2001), and Wolf & White (1997). 
6 'The phrase 'best practicable means' incorporates both a scientific approach (means') and a 
discretionary approach ('best' and 'practicable'). Furthermore, the same principle is now enshrined mi 
the Environmental Protection Act 1990 (see section 2.2.3). 
22 
Chapter2 
together by a haphazard jigsaw of administrative controls enforced by a number of 
different bodies. This resulted in over-complicated ineffective enforcement. 
The Robens committee was set up in the early 1970s to report on health and safety at 
work and to answer specifically some of the criticisms that had been levelled at the 
many different authorities administering different sectors. In 1972, the Robens 
Committee first reviewed the provision made for the safety and health of people at 
work, with the aim of changing the way in which health and safety enforcement was 
achieved. The Health and Safety at Work Act (1974) was subsequently introduced by 
consolidating existing legislation and, representing a distinct movement towards self- 
regulation, environmentalists viewed this as a regressive step. The Health and Safety 
Executive (HSE) was a factory based control agency and sought specifically to protect 
the interests of workers rather than dealing with environmental protection on a 
broader basis. Secondly, focussing protection on the factory environment did not 
necessarily take into account the many environmental problems resulting from 
emissions, although other sectors were subject to statutory control through different 
mechanisms. 
For example, the pollution of land was regulated under the Control of Pollution Act 
1974, which sought to draw together the earlier separate legislative strands and to 
treat pollution and waste together as a unified concept. The Act created new bodies 
known as Waste Disposal Authorities that had responsibility for the disposal of waste 
to land; these functions were primarily the responsibility of county authorities. 
'f Clearly, this protection was not part of the factory-based approach but, un ortunately, 
in practice there was little or no co-ordination between the HSE and those controlling 
waste disposal, notwithstanding the connection between the production of waste in 
factories regulated by the HSE and the disposal of waste on sites controlled by Waste 
Disposal Authorities. Similarly, but independently, the pollution control of water also 
developed in an adhoc manner. The Rivers Board Act 1948 created a number of river 
boards to control land drainage, fisheries and the prevention of river pollution. Under 
the Water Resources Act 1963,27 river authorities were creded to take over 
responsibility from the river boards; they themselves were superseded by the creation 
of the Regional Water Authorities under the Water Act 1973 (WA1973). The 
Regional Water Authorities were given sole responsibility for regulating all matters 
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concerned with water. Thus, they had control over prevention of river pollution, the 
supply of water, and the control of sewage, water conservation, fisheries and water 
recreation. The Water Act 1989 (WA1989) attempted to overcome the inherent 
difficulties by separating the operational side of the authorities from the regulatory 
side, thus creating two further bodies. 
As a result of these uncoordinated actions, the development of the regulatory system 
of pollution control within the UK has been pragmatic, reacting to environmental 
problems in a piecemeal fashion. Consequently, the approach has been fragmented; 
specific media ý have been, controlled by diverse administrative and enforcement 
agencies which resulted in numerous problems, illustrated in Table 2: 1. 
Table 2.1 Consequence of the Fragmented Approach 
Issue Consequence 
Failure to ViewThe One of the main concerns of those who criticised the sectoral approach 
Environment as'a Whole to pollution control was that there was a failure to deal with the 
environment as a whole. Each individual medium was seen as a 
separate area of control and no consideration was given to the possible 
consequences of imposing control on one sector in relation to the other. 
Discretionary Decision- The different regulatory bodies possessed wide discretionary powers 
Making Process over enforcement of their statutory duties. Discretion led to 
uncertainty within the control system. Certain bodies took a more 
rigorous view of enforcement whereas others were content to pursue a 
conciliatory approach. _ 
Co-operational Approach The lack of definitive standards in many areas saw the development of 
to Enforcement a co-operative approach by many enforcement agencies. 
Overlapping Controls One of the consequences of failing to deal with the environment as a 
whole was that each individual enforcement agency had a prescribed 
area of responsibility. Where, however, there were overlaps in that 
responsibility, an uncoordinated approach brought about ineffective 
enforcement of the regulations in question. 
Lack of Public Where there were so many enforcement agencies, there was often a 
Accountability problem with a lack of public accountability. Where the trained 
professional had difficulty in ascertaining which body is responsible 
for a particular activity, the lay public had very little chance of 
knowing who to turn to. 
(Source: Ball & Bell, 1994) 
Although attempts were made by the Department of the Environment to. rationalise 
environmental control, the plethora of enforcement agencies, including such bodies as 
the HSE, Local Authorities, the Regional Water Authorities, and later the successor to 
the Alkali Inspectorate (the Industrial Air Pollution Inspectorate) and the Waste 
Disposal Authorities, created a complicated web of fragmented control. There was no 
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unified concept of environmental protection; a theoretical and unrealistic sectoral 
approach had fundamental flaws, which consistently served to undermine the 
authority of the law. In addition to the muddle of administrative bodies, the vast 
number of powers and procedures available to each individual enforcement agency 
also hampered environmental control. Where powers to control pollution were 
available to a number of bodies, overlapping controls often meant that a particular 
incident or process could be regulated by numerous different authorities. This often 
created difficulties, particularly as each different enforcement body could approach a 
problem using different enforcement powers. 
2.2.1 The Best Practicable Environmental Option (BPEO) 
The consequences of this fragmented approach were recognised when the then 
Secretary of State for the environment asked the Royal Commission on 
Environmental Pollution (RCEp)7 to 'review the efficacy of the methods of the 
control of air pollution from, domestic and industrial sources and to consider the 
relation between relevant authorities'. In their fifth report (1976) the Commission 
drew attention to the link between pollution of the air, water and land and proposed 
the creation of a new unified inspectorate to ensure an integrated approach to regulate 
difficult industrial pollution problems at source so that damage to the total 
environment would be kept to a minimum. 
The Government's response to the P Report was published in 1982 (Pollution Paper 
No 18). In the foreword the then Secretary of State for the Environment stated that 
'the Royal Commission's most important contribution in this report has been to spell 
out the need for a broad approach to the control of pollution, and for the pollution 
control authorities to achieve the 'Best Practicable Environmental Option A. The 
Government also recognised that there could be a transfer of pollution from one 
medium to another if individual pollution control authorities did not have regard to the 
wider implications of their decisions and acknowledged that BPEO was a concept of 
7 The Royal Commission on Environmental Pollution (RCEP) is an Independent standing body 
established in 1970 to advise the Queen, Government, Parliament and the Public on environmental 
issues. The Commission sees its role as reviewing and anticipating trends and developments in 
environmental policies, identifying fields where insufficientattention is being given to problems, and 
recommending action that should be taken. 8 The BPEO concept was first outlined as an extension to the concept of 'Best Practicable Means'. 
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considerable power and utility. However, the Government did not accept the central 
recommendations concerning the establishment of a unified pollution inspectorate; it 
asked instead that all pollution control authorities should take account of the 
principles of BPEO and should consider whether particular applications of pollution 
controls would conflict with the achievements of the BPEO. It was to be 1996, and 
the creation of the Environment Agency, before this goal was achieved9. 
The Commission returned to the BPEO concept in the'101h report, which considered 
the general application of the BPEO concept and drew attention to the dangers that 
could arise from the transfer of waste from one part of the environment to another 
without consideration of the comparative ecological -and economic implications. 
Within the II th report the Commission examined the application of BPEO for the 
handling and disposal of waste (other than radioactive waste). ' Its principal 
recommendation was that all those who produce waste should have a 'duty of care' to 
ensure that their wastes were subsequently managed and disposed of without hann to 
the environment. 
The movement -towards a, more unified approach to pollution control was, however, 
widely- recognised within'Europe and the United States of America (USA). For 
example, the European Community's Fourth Environmental Action Programme 
(Commission of the European Communities, 1986) specifically recognised that a 
sector by sector approach to problems, may not achieve the maximum pollution 
reduction at a given cost. Furthermore, in the Netherlands, pollution control policy 
had been integrated to incorporate a'multi-media approach through the 'integrated 
substances orientated approach' (Verkerk, 1986). - Within the USA the 'cross-media' 
approach to pollution management was increasingly being sought so that pollutants 
were , not' simply transf6iTed - from, " one medium to another resulting in little 
environmental benefit (Rabe, 1986). 
Nevertheless, up until this point, and throughout the other reports which mentioned 
BPEO, no actual definition of the BPEO concept was given. Within their 12 th Report 
the kCEP 
'(1988) 
actually d. efined the'BPEO as 'the outcome of a systematic 
See section'2.2.4' 
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consultative and decision making procedure that emphasises the protection and 
conservation of the environment across land, air and water. The BPEO procedure 
establishes, for a given set of objectives, the option that provides the most benefit or 
least damage to the environment as a whole, at acceptable cost, in the long term as 
well as in the short. ' 
Thus, the BPEO, if properly implemented, would lead to reductions in environmental 
pollution and to improvements in the quality of the enviromnent as a whole. Taking 
the definition of BPEO further, the RCEP (1998) defined the actual context in which 
12th the concept was to be used. The following is a direct quotation from the RCEP's 
, 
Report (1988). 
Best: 
It is doubtful that there is ever an absolute best. The option chosen as 'best' will 
depend on the interpretation and evaluation of the predicted impacts by whoever 
takes the final decision. It is unlikely to be the best choice for all time. There will 
be changes in scientific knowledge and in the means of avoiding or reducing 
hazards to the environment. There will be shifts in popular perception. Old fears 
may prove groundless, or new concerns arise. These may affect the judgement on 
which the original choice was based; a BPEO must therefore be kept under review. 
Practicable: 
The courts had never interpreted the term 'practicable' in the context of 'best 
practicable means'. However, a guidance note on BPM (1984) explains how Her 
Majesty's Inspectorate of Pollution (HMIP)10, now the Environment Agency 
(EA) 11, interprets the term: 
In the Clean Air Act 1956 ýpracticable' is interpreted as 'reasonably 
practicable, having regard, amongst other things, to local conditions and 
circumstances, to thefinancial implications and to the current state of 
technical knowledge. It is the Inspectorate's practice to regard the term 
10 See section: 2.2.2 
" See section: 2.2.3 
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practicable' as being interpreted in this way if no risk to public health 
exists. 
The RCEP interpretation of 'practicable' follows similar lines. They accept that the 
term 'financial implications' should refer. to both the direct capital and to the revenue 
cost borne by the operator. It should also include costs met from the public purse. In 
the context of BPEO the use of the term 'practicable' implies that the option must be 
in accordance with current technical knowledge and must not have disproportionate 
financial implications. The BPEO will not necessarily be the cheapest. The phrase 
'local conditions and circumstances' is omitted from the RCEP interpretation of 
practicable because it would seem to open a way to local derogations being admitted 
to a BPEO for social or political reasons in addition to local environmental factors. 
More generally, it may sometimes happen that for political or social reasons a 
practicable and environmentally acceptable scheme is overruled in favour of one 
which is much less'acceptable from the pollution control standpoint. For example, 
a decision to close outdated plant and move work to another, based on new, cleaner 
technology, " may provide greater benefits for air pollution and yet be rejected 
because of the damaging effect on employment. This kind of decision involves 
trade-offs that go well beyond the determination of what is practicable based on the 
financial or economic considerations discussed earlier. When a decision of this 
kind is taken it is unacceptable to describe the outcome as a BPEO. The fact that 
environmental considerations have had to be compromised in this way should be 
openly acknowledged. 
Jun "Wronmentak 
A central element in BPEO, is the evaluation of options for their environmental 
effects early in the decision-making process. Options may close as *a project 
progresses. It 
' 
is often more cost-effective to take account of environmental 
considerations at an early stage than to apply remedies later. It is essential to 
consider local and remote, short and long term effects in all environmental media. 
The possibility of improving the environment should always be explored. 
Obviously the current state of technical knowledge of the effects of pollutant on, 
for example, human health, flora or fauna, buildings or other environmental 
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targets, is highly relevant. - Eventual decommissioning and disposal of plant, site 
restoration and aftercare are important considerations. The effects on the 
environment of malfunctions, accidents or emergencies must also be considered. 
Option: 
The RCEP report states that the procedure for selecting the BPEO should include a 
diligent and imaginative search for alternative ways of achieving the desired result. 
Unless this has been done, there may be a serious risk that potentially acceptable 
options are never put forward. Sometimes the form in which the objective is stated 
will contain implicit assumptions that limit the options to be considered. For 
example, it is not enough to consider the BPEO for the dispos al of a waste stream 
without examining the production process to see whether the waste can be avoided, 
reduced or its nature modified. 
Furthermore the RCEP defined a methodology, comprising of seven steps, for the 
determination of the BPEO, summarised in Table 2.2 12 . 
Tbus, the RCEP state that the task of selecting a BPEO in given circumstances should 
be carried out systematically, bearing in mind the requirements which have been 
raised in the report which show how the environmental consequences of commercial, 
industrial and governmental decisions can be given proper and timely attention. 
Measures to deal with pollution and waste are often taken as an afterthought when the 
problems become pressing. However, the RCEP suggest that if attention is paid to the 
principles raised within their report these decisions can be made with the benefit of 
foresight. 
The extent and detail of a BPEO exercise depends on the extent, complexity, and 
potential environmental impacts of the project. In many cases, the process of 
choosing the BPEO will be a relatively straightforward and simple exercise taking 
little time and requiring few resources. When dealing with complex proposals, the 
BPEO study may be correspondingly complex. The report of a study may range from 
12 For a full description of the methodology refer to the RCEP's (1988) 12th report: Best Practicable 
Environmental Option (BPEO). 
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a simple annotated checklisf through dn informative summary of several pages, and 
particularly complex cases may be a substantial document. , 
Table 2.2 The RCEP's BPEO Methodology 
Step Description 
1. Define the Objective Identify all feasible. options for achieving the objective: the 
aim is to find those which are both practical and 
environmentally acceptable. 
2. Generate Options Identify all feasible options for achieving the objective: the 
aim is to find those which are both practical and 
environmentally acceptable. 
3. Evaluate the Options Analyse these options, particularly to expose advantages and 
disadvantages for the environment. Use quantitative methods 
when these are appropriate. Qualitative evaluation will also 
be needed. 
4. Summarise and Present the Present the results of the evaluation concisely and objectively, 
Evaluation and in a format which can highlight the advantages and 
disadvantages of each option. Do not combine the results of 
different measurements as this would obscure information 
which is important to the decision. 
5. Selecting the Preferred Option Select the BPEO from the feasible options. The choice will 
depend on the weight given to the environmental impacts and 
associated risk, and to the costs involved. Decision-makers 
should be able to demonstrate that the preferred option does 
not involve unacceptable consequences for the environment. 
6. Review the Preferred Option, Scrutinise closely the proposed detailed design and the 
operating procedures to ensure that no pollution risks or 
hazards have been overlooked. It is good practice to have 
scrutiny done by individuals who are independent of the 
original team. ' 
7. implement and Monitor-, Monitor the achieved performance against the, desired targets, 
especially those for environmental quality. Do this to 
establish whether the assumptions in the design are correct 
and to provide feedback for the future development of 
proposals and esigns. 
1-7. Maintain an Audit Trail Record the basis for any choices or decisions through all of 
these stages; i. e. the assumptions used, details or evaluation 
procedures, the reliability and origin of data, the affiliations of 
those involved in the analytical work and a record of those 
taking decisions. 
In addition to the development of the BPEO concept, the RCEP also identified clear 
administrative problems; there was a, lack of, a clear means of resolving conflicts 
between different regulatory authorities. The BPEO approach for the control of 
pollution requires choices to be made about the release of pollutants to different 
media. In particular, where more than one option would meet the relevant legal 
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requirements, different authorities may, have opposing views about which option is 
best for the environment as a whole 13 
2.2.2 Her Majesty's Inspectorate of Pollution (HMIP) 
In order to address the administrative problems identified by the RCEP, Her Majesty's 
Inspectorate of Pollution (HMIP) 14 was formed in 1987 by bringing together separate 
pollution inspectorates covering air, water, waste and radioactive substances into a 
fully integrated environmental protection inspectorate to enable a more co-ordinated 
system of pollution control. 
Prior to its formation in 1987, control of pollution was the responsibility of a number 
of central government inspectorates. The Alkali Inspectorate (originally formed in 
1863 and later called the Industrial Air Pollution Inspectorate); the Radiochemical 
Inspectorate; the Hazardous Waste Inspectorate and the Water Pollution Inspectorate 
(the functions of the Water Pollution Inspectorate were transferred to the National 
Rivers Authority by the Water Act (WA) 1989). HMIP was seen as a body which 
would enable a more co-ordinated system of pollution control, particularly through its 
administration of the system of Integrated Pollution Control (IPC)15. HMIP was part 
of the Department of the Environment and operated on a regional basis with seven 
regions although it had a central office based in the Department of the Environment in 
London. In outline, HMIP was responsible for: 
* Regulation of the most seriously polluting processes through the system of IPC 
introduced as Part I of the EPA 1990; 
9 Regulation of sites which, store or dispose of radioactive material under the 
Radioactive Substances Act 1993; 
* Responsibilities under the Health and Safety at Work Act 1974 in relation to the 
air emissions of IPC processes; 
13 Incidentally, the RCEP's 23"d Report on environmental planning (2002) further addressed this topic 
and recommended that there should be clearer policies and objectives for the environment in each part 
of the UK, and statutory recognition of the central role of town and country planning in protecting and 
enhancing the environment covering all aspects of sustainable development. 
14 In Scotland known as Her Majesty's Industrial Pollution Inspectorate (HMIPI). 
15 See section 2.2.3 
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0 Duties under the Water Industry Act (WIA) 199l'to act on behalf of the Secretary 
of State with regard to special category effluents discharged into the sewers; 
0 Research on pollution control and also on radioactive waste disposal; 
0 Statutory consultee in environmental impact'assessments; 
0 Oversight of the'work of local Waste Regulation Authorities (WRAs); 
0 Maintenance of public register on'IPC authorised processes and responsibility for 
ensuring greater public involvement in the regulatory process. 
In carrying out these functions it appeared that HMIP -was meant, to serve the 
government, industry and citizens. In addition to these various roles, HMIP provided 
expert advice and'support to I goverfiment'departments on'a range of environmental 
issues. To further assist both industrialists and the Chief Inspectors, HMIP published 
a considerable' amount of guidance material. - Following the introduction of IPC, 
HMIP also began the process of publishing- a new'senes of guidance notes covering 
all'IPC processes. 'These ''guidance -notes"give advice on matters such . as the best 
available, technology for the' particular 'process, -, pollution abatement techniques, 
operating proCedures, ýýand importantly'the emission standards -to be achieved. The 
guidance notes are 'still, relevant, albeit that the system of IPC is no longer 
16 administered by HMIP 
2.2.3 Integrated Pollution Control (IPC) 
The requirement for an integrated and coherent regulatory approach to pollution 
control was a determined recommendation of the'RCEP. For example the RCEP's 
(1988) 12'h report stated that 'the present multiplicity of controls can permit the 
selection of a waste disposal'option which is simply the easiest and cheapest way of 
meeting the requirements of one of the available receiving media. There is no 
requirement or incentive to consider whether another disposal option might represent 
the Best Practicable Environmental Option (BPEO). 'The effect is that, if the 
environmental controls and standards which regulate disposal to one of the media are 
relatively easy to meet, waste is likely to be drawn to that medium. While these are 
problems that HMIP has been established to tackle, it has not yet been given the 
powers required for this purpose'.. 
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Before IPC was established, the releases of polluting substances from industry, as 
previously highlighted, were regulated separately according to the environmental 
medium they were released into. In response to the recommendations of the RCEP, 
the UK Goverm-nent passed the Environmental Protection Act in 1990 (EPA90), 
establishing the Integrated Pollution Control QPQ regime. Under Part 1 of the EPA 
the HMIP administered the new system of IPC. The functions of the HMIP were 
transferred to the Environment Agency (which took over the functions of the HMIP, 
the National River Authority (NRA) and the Waste Regulation Authorities (WRA)) in 
1996 under sI of the Environment Act (EA) 1995 16 . This demonstrated the continued 
desire by the Government to provide a more co-ordinated system of pollution control. 
Part I of the EPA 1990 established two systems of pollution control: IPC for the most 
seriously polluting processes which were originally regulated by the HMIP (known as 
A list processes); and Local Authority Air Pollution Control (LAAPQ for those 
processes which should not be allowed to operate without an authorisation, but are not 
so seriously polluting (known as B list processes). Local Authorities regulate these 
less seriously polluting processes - for the purpose of preventing or minimising 
pollution of the environment due to the releases of substances to air. Where a process 
is prescribed for central control it is regulated by means of the authorisation., The 
regulator 17 must take account of the process as a whole in terms of the releases to air, 
water and land. In reaching its conclusions about the levels of discharges and 
emissions, it is required to have regard to achieving the 'Best Practicable 
Environmental Option' (BPEO). Where the process is designated for control by a 
local authority, the Local Authority can regulate emissions to air but not to any other 
environmental medium. That does not mean that processes designated for LAAPC 
only discharge into air. It means that such processes must seek an authorisation from 
the relevant local authority for the air emissions and if they discharge into controlled 
waters they will be required to seek a separate consent from the regulator under the 
Water Resources Act 1991. Therefore, for these less seriously polluting processes 
there was no 'Integrated Pollution Control'. 
16 See section 2.2.4 17 The term 'regulator' is used her represent either Her Majesty's Inspectorate of Pollution (HMIP) or 
the Environment Agency (EA). 
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Furthermore, the statutory requirement to have'regard to the BPEO for IPC has 
serious limitations. This, primarily, is due to the'modified BPEO definition published 
in guidance on BPEO assessments for IPC. Within this guidance the BPEO is defined 
as 'the option which in the context of releases from a prescribed process, provides the 
most benefit or least damage to the - environment as'a whole, at acceptable cost, in the 
long term as well as the short term'. This modification has'been added to bring the 
definition explicitly within the context Of Section -7(7) of the EPA90 which limits the 
scope of the BPEO to consideration of substances released by the process. However, 
in recent years the emissions based focus of the EPA90 has led to serious criticism of 
the Methodology for assessment of alternative processes or abatement techniques (see 
RCEP, 1998). Primarily the BPEO only applies to authorisations of those processes 
subject to IPC and not across all the functions of the Environment Agencies, nor to 
forms of pollution which they do not regulate. ' Secondly the definition of BPEO 
adopted by the EA is given a much narrower meaning than the Commission advocated 
in its 12'h Report due to its emissions based focus. As a result wider impacts, such as 
those arising from the production and delivery of raw materials for the process or 
those ý arising from ý the -generation of energy off-site, are excluded. Consequently 
achieving the lowest possible emissions from a process may not in reality represent 
the BPEO if that requires large amounts of resources and/or energy; it may result in a 
large increase in impacts that are removed from the process under investigation. As a 
result the single IPC regime cannot control the totality of releases to land, water or air 
from a process and from 'background' activities with which it interacts. 
Nevertheless, both IPC and LAAPC require the control of emissions'using the 'Best 
Available 
-Techniques 
Not Entailing, Excessive Cost s' (BATNEEC) to mitigate the 
environmental impact of operations. - The concept of BATNEEC is the cornerstone of 
the IPC regime and its principle -application, as outlined in the EPA90, is to: prevent 
the releases of substances prescribed for any environmental medium into that medium 
or, where that i's not'practicable by. ýsuch'means, for reducing the release of such 
substances to minimum and for rendering harmless any substances which are so 
released; and, for rendering harmless any other substances which might cause harm if 
released into other environmental medium. Processes subject to IPC are required to 
use" BATNEEC in order'to, achieve the BPEO. ' Guidance Notes produced by the 
Department of Environment define BATNEEC as: 
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Best 
The most effective techniques for minimisipg, preventing or rendering harmless 
noxious emissions. There may be more than one 'best' technique. 
A vailable. - 
The techniques must be available to the operator. They need not be in general use, 
but they must be available generally, or specifically to the operator. It must be 
proven to work in the context the operator works in. 
Technique: 
The use of the word 'technique' has a wide meaning as it refers both to technology 
and to the method of operation. It allows for the consideration of issues such as the 
design of the process, the components, training of staff involved, supervision and 
management of the site. 
Not Entailing Excessive Cost. - 
This is a re ection at in environmental law the protection of the environment 
must be balanced alongside other factors, especially economic concerns. When 
applying the BATNEEC standard, the cost must not be excessive in relation to the 
environmental benefit it achieves. Assessment must therefore be subject to some 
cost/benefit analysis for the process in question, The NEEC requirement does not 
relate to whether or not the operator finds the costs excessive. 
Nevertheless, although there is now an integrated approach, to pollution control for 
most pollutants, radioactive species are treated completely separately under the 
Radioactive Substances Act 1993 (RSA93) - see section 2.2.6. 
2.2.4 The Environment Agency (EA) 
Although HMIP was established in 1987 with the aim of achieving a more coherent 
approach to pollution control through the system of IPC there was clearly still a need 
for a more integrated approach to pollution control. Whilst authorities themselves 
were very active in publicising their work and increasing public awareness of the 
respective roles, the picture was not entirely free of confusion. 
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As a result the Enviromnent Act 1995 established both the Enviromnent Agency for 
England and Wales (EA) and ý the' Scottish Environmental Protection Agency 
(SEPA)18. These were set up to further the aims of Integrated Pollution Control (IPC) 
introduced in the Environmental Protection Act 1990. Furthermore, the EA and SEPA 
are independent bodies, whereas the HMIP, on the other hand, was part of the 
Department of the Environment. However, although independent, the both agencies 
are'accountable to parliament: the EA through the Secretary of State to the English 
and Welsh Parliament and SEPA through - Scottish Ministers to the Scottish 
Parliament'9. The EA brought together the functions previously carried out by the 
National Rivers Authority (NRA) and Her Majesty's Inspectorate of Pollution 
(HMIP), as well as the waste regulation functions of 83 local authorities, and the 
functions of a number of small units from the Department of the Environment who 
dealt with aspects ý of waste regulation and contaminated, land., The agencies were 
empowered, under the 1995 Act, with the role of competent authority as defined in 
EU Directive 91/156/EEC. Both the EA and SEPA started their statutory duties on I 
April 1996 and each of the previous regulatory bodies ceased to exist. 
Specifically Section 2 of the Enviromnent Act 1995 provides for the transfer to the 
Agency of the following functions: 
* The functions exercised by the NRA under the WRA 1991 and the Land Drainage 
Act 1992 and 'various other statutory provisions such as the Salmon' and 
Freshwater Fisheries Act 1971- Thus the Agency has inherited the NRA's water 
resource management functions, pollution control functions , and also its 
operational functions relating to flood defence, land drainage, navigation and 
fisheries. - 
18 The Environment and Heritage Service (EHS), an Agency within the Department of the Environment 
for Northern Ireland, is Northern Ireland's equivalent to the EA or SEPA; it also came into being on I 
April 1996. The aims of the EHS are 'to protect and conserve the natural and built environment, and to 
promote its appreciation for the benefit of present and future generations'. Its main responsibilities are 
environmental protection (covering both water, and air quality); the control of radioactive substances; 
countryside and wildlife matters; historic monuments and buildings (Information for Industry, 1996). 
19 However, there has been concern raised about the degree of ministerial control and the extent to 
whichministers can give'gui'dance with respect to the Agencies' aims and objectives. For example, 
Lord Crickhowell, Chairman of t, he National Rivers Authority (NRA), warned against the wide-ranging 
powers which the government was taking to intervene in the Agency's work- In 1994 he stated that 
6almost everything that the Agency does, its regulatory arrangements, charging schemes, corporate plan 
and financial arrangements, has to be approved by ministers' (Wolf & White, 1997). 
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9 The waste management functions exercised by the WRAs under Part II of the EPA 
1990 and the control of Pollution (Amendment) Act 1989. 
* HMIP's responsibilities under Part I of the EPA 1990. The LAAPC controls 
exercised by local authorities under Part I of the EPA 1990 are retained by the 
local authorities. 
* HMIP's functions relating to radioactive substances under the Radioactive 
Substances Act 1993. 
* Certain enforcement functions under Part I of the Health and Safety at Work Act 
1974. 
e Certain functions of the Secretary of State. 
The principle aims and objectives of the EA are laid down in s4 of the EA 1995. 
Section 4(l) states that it shall be the 'principal aim of the Agency (subject to and in 
accordance with the provisions of this Act or any other enactment and taking into 
account any likely costs) in discharging its functions so to protect or enhance the 
environment, taken as a whole, as to make the contribution towards attaining the 
objective of achieving sustainable development'. It is clear from this therefore that 
the government envisages that the EA shall be guided by the objective of achieving 
sustainability. However, this is not an absolute objective and the EA 1995 fails to 
provide a definition of sustainable development. 
Nevertheless, later literature highlights that the EA's primary aim is 'to protect and 
improve the environment and make a contribution towards the delivery of sustainable 
development through the integrated management of air, land and water' (Environment 
Agency, 1999). As a results its main responsibilities are to (Lane and Peto, 1995)20: 
e apply standards by giving authorisations, licences and consents for emissions, 
discharges and disposals to air, water and land. 
monitor compliance and enforcement. 
regulate the import, export and movement of waste. 
o assess national waste disposal needs and priorities. 
* monitor environmental conditions, publish statistics and commission research. 
20 In Scotland, SEPA fulfils a similar function to the EA, and in addition, SEPA has taken over many of 
the duties of the Hazardous Waste Inspectorate. 
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9- act as a statutory consultee (e. g. ý in town and country planning matters). , 
* provide authoritative and 'independent advice'to; government, and advice, and 
guidance to industry on best enviromn'ental practice. 
2.2.5 Integrated Pollution Prevention & Control (IPPQ 
The implementation of Integrated Pollution Control (IPC) and the Local Authority'Air 
Pollution Control (LAAPC) represented a watershed in pollution regulation, 
acknowledging that an impact-upon emissions, to one medium, whether negative or 
positive, can have a knock on impact upon releases to other media. Nevertheless, 
although the UK regulatory framework, had increased its scope through the 
implementation of the IPC regime, there still remained a number of fundamental 
problems posed by the framework (see section: 2.2-3)., Some of these issues will be 
addressed under the new European Directive on Integrated Pollution Prevention and 
Control (IPPQ (96/61/EC). rThe IPPC Directive provides for the replacement of Part 
I of the Enviromnental ProtectionAct. 1990 and will replace the, existing IPC and 
LAAPC regimes as well as implement the Directive's requirements in new sections of 
industry, providing a single regulatory framework (see figure 2.1). 
Figure 2.1 The Transition from IPC to PPC 
PPC Regime -' '- 
Pollution Prevention and Control 
IPC (regime A) 
Integrated Pollution Control 
IPC (regime B) 
Local Air Pollution Control 
IPPC (regime Al and A2) 
Integrated Pollution 
Prevention and Control 
I 
LAPPC (regime B) 
Local Air Pollution Prevention 
and Control 
(Source: DEFRA, 2003) 
Regime Al is an integrated permitting regime where emissions to the air, land and 
water of potentially more polluting processes are regulated by the Environment 
Agency (EA). Regime A2, also an integrated permitting regime, however, is 
regulated by the Local Authority and deals with emissions to air, land and water of 
processes with, a lesser potential to pollute. Conversely, regime B relates to the 
pennitting of processes with a lesser potential to pollute and therefore the Local 
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Authority regulates only emissions to air. Due to this increased scope, IPPC extends 
integrated control to around 6,000 installations across England and Wales. 
The IPPC Directive, which has been implemented in the UK through the Pollution 
Prevention and Control Act 1999 (PPC99), takes a more holistic approach towards 
industrial pollution control; it covers a much wider range of environmental impacts 
than those previously regulated. Furthermord, due to the integrated control of 
emissions, IPPC requires consideration of many more aspects which include taking 
measures to prevent pollution (rather than relying on abatement); efficient use of raw 
materials; avoiding the production of waste; waste recovery and safe disposal; the 
efficient use of energy-, implementation of measures to prevent accidents; 
implementing necessary measures to avoid pollution risk which would include 
stopping certain activities; and, where necessary, restoring the site to a satisfactory 
state. Thus, the scope of pollution prevention, under IPPC, is now one of several 
environmental aspects that will have to be monitored as the field of environmental 
management has expanded. 
Figure 2.2 IPC and IPPC Scope Comparison 
IPC IPPC 
Prevent or reduce emissions to: 
Air 
Water 
Land 
Efficient use of energy 
Raw material consumption 
Waste reduction 
Off site waste disposal 
Noise, Heat and Vibration 
Post closure site restoration 
Accident prevention 
V, 
Occasional 
Occasional 
Occasional 
ve 
ve 
(Nicholas & Terry, 1998) 
The IPPC Directive requires that environmental management must be taken further 
than simply addressing the direct emissions of a process. Consideration must stretch 
beyond the system boundaries and must be determined through the application of 
BAT (Best Available Technique). Therefore one of the most important aspects 
resulting from the implementation of IPPC relates to the switch from BATNEEC to 
BAT. Incidentally, the fact that the Directive does not use the term BPEO may 
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explain some of the conflict between the RCEP's understanding of BPEO and the way 
in which the concept had been interpreted and implemented for the purposes of IPC. 
It should be noted that despite the absence of the NEEC qualification, BAT still takes 
into account the economic considerations that were highlighted under BATNEEC. 
BATNEEC was used primarily to prevent the release of a prescribed substance to any 
given environmental medium or, where that is not practicable, reduce the release of 
such substancesto a minimum. The BAT definition encompasses a much larger circle 
of issues and the wider scope is evident in the definition of the IPPC acronym (see 
IPPC H 1,2000): 
Best. - 
The most effective techniques for achieving a high level of protection of the 
environment as a whole (not just polluting releases). Additionally the EA have 
stated that they interpret the T in BAT' as incorporating the basic concepts of the 
BPEO methodology., I 
Available: 
The techniques developed on a scale which allow them to be used in the relevant 
industrial -sector, under, economically and technically viable conditions, taking 
into account the costs and advantages (i. e. includes NEEC). 
Technique: 
This includes both'the technology used and the way it is designed, built, 
maintained, and operated and, ultimately, decommissioned. 
I 
Consequently the, concept of environmental holism has been taken a step beyond the 
integrated control of emissions to air, water and land as regulated under IPC, towards 
an integrated assessment of a product/activity's life cycle. 
Consistent with the international emphasis on Sustainability the IPPC Directive 
requires consideration of a much larger circle of issues including the control of whole 
installations rather than individual processes. Moreover, IPPC spotlights the 
processes upstream of the effluent discharge, favouring reduction of pollution at 
source as opposed to end-of-pipe solutions. These considerations will provide a basis 
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for the European Community's (EC) BAT Reference documents (BREF's), currently 
being written at the Institute for Prospective Technological Studies (IPTS) in Seville, 
Spain. These will bring a new dimension to the assessment of the older Best 
Practicable Environmental Option (BPEO) by highlighting that the environmental 
impacts caused by industrial processes go far beyond the substances which are 
released from stacks or -discharge pipes relating to specific installations. However, it 
is important to recognise that that impact of IPPC is dependant on the manner by 
which the Directive is transposed into national legislation; i. e. the interpretation of 
BREF documents by the EA. 
The principal achievement of the IPPC approach is that it should avoid displacement 
of environmental impacts. However, in order to perform this task it is necessary to 
identify and quantify all data, thus requiring a holistic viewpoint and life cycle 
thinking - such as that offered by Life Cycle Assessment (LCA) (see Nicholas, 1998; 
Yates, 1996; and, Eduliee, 1996). Consequently, it is argued that the determination of 
BAT for decision-making should be based primarily on the principles of LCA. This 
application of a life cycle technique in order to determine the BAT, for IPPC, has 
been well demonstrated within the glass manufacturing industry by Nicholas et al. 
(2000); the sinter production industry by Geldermann. et al (1999) and the chloralkali, 
paper and phosphoric acid production industries by Breedveld (2001). However, the 
EA have currently chosen not to use LCA in'the context of PPC for the determination 
of BAT; this is in contrast to other European Member States. 
2.2.6 Radioactive Impacts in UK Legislation 
Although the UK's approach to environmental pollution control has expanded 
significantly in recent decades there are still problems, the most important of which 
relates to the lack of an integrated pollution control regime for the management of 
radioactive impacts. Although the same environmental regulators regulate radioactive 
impacts and non-radioactive impacts the integrated pollution control regimes, both 
JpC and IPPC, specifically exclude radionuclide impacts, for reasons unknown. 
However, it has been expressed that radionuclide discharges are seen *as a special 
matter both environmentally and politically (Kite, 2000). , 
Consequently, radionuclide 
discharges and their associated activities are regulated under a completely separate 
piece of legislation: the Radioactive Substances Act which takes precedence over 
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IPC/IPPC with the result that radioactive iinpacts, are often targeted for reduction with 
little consideration of the non-radioactive impacts2l. 'ý 
The Radioactive Substances Act. was' introduced in 1960 (RSA60) following the 
recommendations of a Government Advisory Panel and largely replaced an earlier Act 
of 1948. Its primary purpose was to ensure control over radioactive waste. Because 
radioactive wastes are potentially harmful, it is important not only that they are 
disposed of safely but that they are not produced in unnecessary quantities. For this 
reason the Act provides for registration of the use of radioactive materials as well as 
authorisation for the accumulation or disposal of waste. The 1960 Radioactive 
Substances Act was substantially amended by the Environmental Protection Act 1990 
and these amendments were consolidated into'the Radioactive Substances Act 1993 
(RSA93). 
The Act is largely concerned with the scope of application of controls and with 
administrative, provisions. The detailed arrangements for control of radioactive 
materials and radioactive waste are contained'in certificates of registration 'or 
21 TU disparity iý environmental legislation'is perpetuated at the international level. For example, the 
Oslo-Paris (OSPAR) agreement refers to the Commission that adopted the Convention in 1992 for the 
protection of the marine'environment of the Northeast Atlantic, the North Sea and the Irish Sea. The 
Convention provides, in Article 2, , 
that Contracting Parties'shall apply 'the precautionary principle, by 
virtue of which preventative measures are to be taken when there are reasonable grounds for concern 
that substances or energy introduced, directly or indirectly, into the marine environment may bring 
about hazards to human health, harm living resources and marine ecosystems, damage amenities or 
interfere with other legitimate uses of the sea, even when there is no conclusive evidence of a causal 
relationship between the inputs and the effects' (OSPAR, 1992). The Commission is concerned With 
all pollution of the marine environment and the sources of pollution from industrial and agricultural 
processes. With regard to radionucli ' 
de species the , 
agreement requires that there are continual 
commitments towards the reduction of radioactive discharges, with the ultimate aim to reduce by 2020 
the discharges towards natural background levels.,, However, as OSPAR is specifically concerned with 
the marine environment it fails to identify the impacts created through avoiding marine releases and the 
resultant impact on other media; i. e. - atmosphere and land. It thus conflicts directly with the principles 
fundamental to the BPEO concept., Furthermore, in 2003 the environment ministers from 15 OSPAR 
Convention countries plus the EC have resolved to take an interest in all radioactive discharges to the 
European marine environment, , 
not simply those from the nuclear industry, which comprise a very 
small part of the total. The Bremen statement (OSPAR, 2003) highlights that reductions in radioactive 
discharges are not solely a matter for the nuclear industry, but must also include radioactive discharges 
from outside the nuclear industry sector, . principally from the offshore oil and gas industries, and also 
from the phosphate industry and medical sector. Together these other sectors are responsible for a 
significant proportion of the total discharges of radioactivity into the. maritime area. As a result further 
efforts are to be made by OSPAR to bring the reporting of the discharges from these other sectors up to 
the quality of reporting currently undertaken by the nuclear industry. 
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authorisation issued in respect of particular premiseS22 . Responsibility for regulation 
under RSA93, as previously enforced by HMIP, rests in England and Wales with the 
Environment Agency (EA), in Scotland with the Scottish Environment Protection 
Agency (SEPA), and in Northern Ireland with the Environment and Heritage Service 
(EHS). 
The EPA90 remains the only reference to BPEO in primary legislation; however, 
various government policy documents and parliamentary reports have made 
significant use of the concept. These include the 1995 White Paper Cm. 3040 (Making 
Waste Work), the 1998 Sixth Report of the House of Commons Select Committee on 
Environment, Transport and Rural Affairs (Sustainable Waste Management), and the 
DETR's Planning Policy Guidance Note on Planning and Waste Management 
(PPGIO). However, there is currently no statutory definition of the term in legislation 
relating to radioactive substances. Moreover, there is no formal explanation of its 
meaning in the recent draft Statutory Guidance relating to the Regulation of 
Radioactive Discharges into the Environment from Nuclear Licensed Sites. 
Consequently, the RSA93 ensures that activities are regulated under the principles of 
'As Low As Reasonably Practicable' (ALARP) and 'Best Practicable Means' (BPM). 
ALARP is a wide statement of principles and forms the'cornerstone of nuclear plant 
safety. A risk that has been reduced to ALARP corresponds to the concept of 
tolerable risk. This implies that any further reduction in the risk can be achieved only 
at grossly disproportionate cost and that the benefits afforded by the risk are judged to 
outweigh the costs. This cost limit was originally set at f. 20,000 per ManSv; however 
the figure had no standing and is currently expected to be much larger than the figure 
original proposed 
23. This is carried out under the BPM, which is essentially a 
22 Although materials containing very small quantities of naturally occurring radioactive substances are 
excluded from the scope of the Act, many naturally occurring materials are sufficiently radioactive to 
fall within it. To take account of this, the RSA93 allows exemption orders to be made which remove 
the need to register the use of, or authorise the disposal of, substances containing radioactivity at levels 
below those prescribed in the order on a site-by-site basis. The orders are a mechanism for providing a 
degree of control, without excessive bureaucracy, over minor uses of radioactive substances where 
there is a clear benefit from its use, whilst ensuring continued protection of the environment and the 
fublic. 3 Damage costs of Unit Collective Dose for us in the 1990's are taken from Robb & Webb (1993). 
Furthermore, the application of neo-classical economic concepts, such as 'damage costs', in 
environmental decision-making is extensively discussed in Chapter Five. 
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pragmatic philosophy for the control of emissions from scheduled processes. It is 
broadly similar to the BATNEEC expression under the IPC regime. 
Therefore, unlike the situation that exists in relation to processes controlled under 
IPC, there is no standard methodology or definitive guidance for the application of the 
concept of Best Practicable Environmental Option (BPEO) to the authorisation of 
radioactive waste management at nuclear licensed sitW4. Furthermore, there is no 
guidance on how radiological, and non-radiological impacts can be compared. 
However, where 'an activity may be controlled by both IPPC and the Radioactive 
Substances Act (RSA) 1993 the Regulators should ensure that the two regimes do not 
impose conflicting obligations on the same matter' (DEFRA, '2002). I 
In light of this, the EA and SEPA have jointly supported the development of guidance 
for use by agency staff in reviewing and assessing BPEO studies submitted in relation 
to authorisations under RSA93. In order to support the development of a BPEO 
guidance Quint6sa, a scientific and mathematical consultancy, were commissioned to 
conduct a study to: 'consider the development of the BPEO concept and how it has 
been interpreted in various ý situations; and undertake a detailed analysis of past BPEO 
assessments in studies submitted to, or undertaken by, UK regulators with the aim of 
identifying key strengths and weaknesses. 
With regard to the latter aspect, Quintessa reviewed five previous BPEO studies: 
discharges of technetium-99 (99Tc) from Sellafield to the Irish Se25; management of 
liquid wastes at Aldermaston and Burghfield; decommissioning of the Aldermaston 
discharge pipeline; ý management of Chemical Pits at Harwell's Southern Storage 
Area; and, the use of substitute fuels in cement kilns. An abridged version of the 
24 Howeve 
* 
r, achievement of the BPEO was identified as a regulatory objective for authorising waste 
management under the Radioactive Substance Act (DOE, 1984). Nevertheless, the conclusions of the 
study had limited impact on national policy. For example, although it was concluded that, for certain 
categories of Low and Intermediate Level Waste (LLW and ILW respectively) the BPEO was disposal 
at sea, the Government declined to resume sea disposal. Similarly, although it was concluded that, for 
some short lived ILW, the BPEO was near-surface burial, a policy of deep disposal of all ILW was 
subsequently pursued (Quintessa, 2003). 25 The BNFL BPEO methodology used for the technetium-99 (99TC) study is outlined and discussed in 
Chapter Six. 
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main findings that emerged from the study are presented below (see Quintessa, 
2003)26: 
* Any procedure for BPEO needs to take into account the fact that there is a 
considerable difference between the assessment of strategic alternatives at a 
relatively early stage in the planning process, and a more detailed appraisal of 
specific design or operational options. 
eA fundamental consideration in any BPEO assessment is the definition of the 
scope of the assessment. Several of the studies were subject to significant 
constraints in defining their overall objectives; for example, the Sellafield study 
focused on a single radionuclide within a particular waste stream, while the 
Aldermaston studies were established on the objective of ceasing all discharges of 
aqueous waste within a set timescale. 
* The Agency study for 99Tc followed a fairly detailed technical appraisal, at least 
for those assessment criteria that could be addressed in a more quantitative 
fashion. Separate evaluations were then made for more qualitative factors. By 
contrast, the BNFL and NER studies took a more qualitative approach throughout, 
bringing all the various considerations together in a single assessment. Despite 
these differences in approach, broadly similar conclusions were reached in all 
three studies. One lesson that can perhaps be drawn from this is that the clarity of 
the BPEO evaluation may depend less on the level of technical detail with which 
options are described than on a sound understanding of the full range of factors 
that will influence various stakeholders' perspectives on the decision. 
e Both the BNFL and UKAEA used 'stakeholder acceptability' as one of the criteria 
against which options were assessed. The BNFL peer reviewers (Van der Steen, 
et al., 2000) had concerns about such an approach and it is evident that such a 
criterion requires those involved in conducting the analysis to prejudge the 
opinions of independent stakeholders. Indeed, the incorporation of 'stakeholder 
acceptability' as a performance attribute may give an erroneous impression that 
stakeholders' views were taken into account in the decision process, when in 
practice there may have been little or no opportunity for direct involvement, input 
or comment. A more transparent, inclusive approach would attempt to ensure that 
26 A workshop held after Quintessa's original literature review confirmed these points (Quintessa, 
2003). 
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the particular factors and concerns that affect stakeholder acceptance are explicitly 
recognised as performance attributes in their own right, and the options assessed 
accordingly. Attention to stakeholder perspectives is essential if consensus is 
sought on solutions to problems'addressed by the BPEO process. 
* Among the issues that need to be resolved is whether a particular type of 
assessment scheme should be recommended. It is perhaps unrealistic to expect 
that one method of comparing options will always be more suitable than others; 
rather, the approach should fit the context of the appraisal being undertaken, and 
should be capable of being readily communicated to interested parties. 
9A further aspect is whether guidance should be made concerning the way in which 
particular attributes, such as cost, would be incorporated into the BPEO process. 
Clearly, financial considerations can be a relevant element in determining the 
overall practicability of an option, not least because of statutory requirements for 
the Agency to take cost into account in regulatory decision-making. Nevertheless, 
there may, well be, situations where attaching significant weight to cost as a 
discriminating factor would be the wrong approach. Consequently, there is need 
to provide flexibility in the way the assessment is undertaken., 
One of the key difference between BNFL's and the Agency's views of the 
practicability of alternative approaches to 99Tc management at Sellafield was the 
way in which they assessed the possible risk that a particular option might not 
achieve the overall goals set for the study. - ý In this particular case, the possible 
failure to meet the UK's commitments under the Sintra agreement was viewed by 
the Agency as being one'of the most important distinguishing factors in the final 
choice between options. In a similar vein, the other BPEO studies reviewed by 
Quintessa considered 'project risk (in terms of threats to cost, schedule and 
performance objectives) as one of the relevant attributes in their own options 
evaluation. - By - contrast, BNFL argued that* achieving targets is a matter of 
management and implementation and is not directly relevant to option evaluation. 
Such differences of "approach highlight the fact that the management of 
uncertainties and risk associated with options can be a critical factor in the 
outcome of a BPEO apprais. al. 
In summary Quinte'ssa (2003) highlight that 'the power of BPEO assessments lies in 
their ability to reveal discriminating factors between environmental options through 
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undertaking a comprehensive evaluatioý and comparison. However, the adoption of a 
systematic approach to evaluating options should not be seen as an end in itself, 
quantitative analysis alone cannot usually be relied upon to determine a preferred 
decision. Indeed, a range of qualitative supporting arguments and analysis will often 
be required as part of the overall option appraisal. It is, therefore, important that 
BPEO assessments should be conducted and presented in such a way that technical, 
scientific and more qualitative judgements are made visible, key uncertainties are 
identified, and corresponding judgements and assumptions are made transparent'. 
The recommendations, emerging from Quintessa's research have been taken into 
account in preparing the draft guidelines: Best Practicable Environmental Option for 
Discharge of Radioactive Waste at Nuclear Licensed Sites; Guidance Manual 
(Environment Agency, 2002). Although this will provide guidance on BPEO 
appraisal for radioactive impacts there is little mention/consideration of non- 
radioactive impacts within the Quintessa (2003) review. Consequently, there is no 
guidance on how radionuclide and non-radionuclide impacts are to be compared. 
However, there is potential for an approach that allows for the assessment of 
radionuclide impacts based on the principles of LCA, and thus permits a more holistic 
assessment of radioactive and non-radioactive 'impacts simultaneously; such an 
approach is introduced in section 2.2.7 and Chapters Tbree and Four. Yet, although 
LCA allows for the assessment and quantification of radiological and non-radiological 
impacts, problems remain because different stakeholder groups typically apply 
different values to environmental problems. This presents difficulties within the 
valuation/decision-making stage, which remain to be adequately addressed; see 
section 2.3 and Chapters Five and Six. 
2.2.7 Life Cycle Assessment (LCA) 
The recommendations of the RCEP, their concept of BPEO and the consideration of 
the environment as a whole were important components of their earlier reports and 
resulted in significant repercussions for the UK regulatory regime. However, as 
outlined, a number of fundamental problems have been identified in the current 
integrated pollution regime, due to a lack of comprehensiveness. 
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Within the RCEP (1988) 12 th repori special reference is made to an industrial group, 
British Petroleum (BP), which uses a holistic approach to environmental management 
that requires a description to be prepared of the direct and indirect, primary and 
secondary, cumulative and non-cumulative, -short, Mediurfi and'long term, permanent 
and temporary, desirableand undesirable effects arising from: 
the existence of the development; 
the use of natural resources; 
'the discharýe Of liquid, gase ous or solid wastes. 
Thus, to BP, a proper environmental evaluation requires a considerable amount of 
data. Information is needed "about the characteristics of the environment where the 
project is likely to be 10cated'and the likely impact of particular effects. Only then 
can the least envirom-nentally damaging ways of undertaking the project be identified. 
The' approach adopted by BP is re-endorsed by the RCEP (1998) within their 21s' 
report; i. e. they state that the assessment of environmental impacts should be carried 
out on a broad ý scale - this is explicitly interpreted as adopting a life cycle based 
approach whereby a review must be sufficiently comprehensive in its examination of 
the environmental implications of available'options. 
Life c ycle assessment (LCA) is a formal technique which brings into consideration all 
the environmental impacts associated with the delivery of a service or a product, 
identifying and quantifying the emissions and resource use at all stages of the life 
cycle. The RCEP (1998) recognise that looking at the entire material and energy 
supply chain's required to make a product or provide a service may lead to different 
conclusions about environmental impact. , For example, the greatest pollution may 
occur not from the (manufacturing) process which is subject to, for instance integrated 
pollution control, but either upstream (e. g. from the extraction and purification of raw 
materials) or downstream (e. g. from use of the product or from its disposal after use). 
To reinforce their argument the RCEP (1998) give a number of situations in which 
failure to adopt a broad perspective can have a damaging effect on the environment: 
Different substances'emitted to the same medium from the same'source or class of 
source; for example the comparison between petrol and diesel enginesfor cars. A 
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diesel car emits less carbon monoxide, but more nitrogen oxides and a greater 
mass ofparticulate matter, than a petrol carfitted with a catalytic converter. 
e. Substances emitted to different media from the same process; if an overall view is 
not taken, a persistent substance could be filtered out of discharges to air but 
released instead in liquid effluent or in solid waste, which might be more 
damaging to the environment. 
" Emission of the same substance to the same medium from different sources; if a 
number of sources are close together, more stringent limits may be applied to 
emissions to prevent unacceptable deterioration of the environment. 
" Different waste streams considered in isolation; because of their overhead costs 
and requirementfor expertise, some types of waste disposalfacility required may 
not be viable unless a comprehensive view is taken. 
" Considering the environment impacts in one country, or from the activities of one 
company, without considering other countries or companies; the results may be 
that environmentally damaging activities are simply transferred to another 
country or company. 
" Considering one point in the life cycle of a product without considering the whole 
life cycle; what appears to be an environmental improvement in the context of one 
process may turn out to be merely transferring environmental impact to some 
otherpoint in the material or energy supply chain. 
As demonstrated above, the value of a life cycle perspective is not only confined to 
overall comparisons between different technologies; e. g. it can also serve to identify 
'hot spots' in the supply chain where the environmental impacts are particularly 
significant. Thus, taking account of life cycle considerations is the preferable way of 
managing the overall environmental impact of particular processes or particular 
industrial sectors because it directs attention to the point at which intervention to 
protect the environment will be most effective and efficient (RCEP, 1998). The life 
cycle approach also identifies cases where a reduction in emissions or resource use at 
one point in the supply chain would lead to an increase in impacts elsewhere. For 
example, the RCEP make reference to Clean Technology which considers the entire 
life cycle of materials and energy supply through use to post-use recovery or disposal. 
Using the LCA approach demonstrates that no technology can be completely clean; 
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i. e. zero emissions is not an achievable objective as- it is scientifically impossible 
because it contravenes the laws of thermodynamics., The phrase obscures reality and 
has only been used because the whole life cycles of materials and energy supply were 
not considered; in reality, 'the'emissions are displaced to a different location and are 
not eliminated (RCEP, 1998). ' LCA can also'highlight the most promising points at 
which to take action to reduce the overall environmental impact; e. g. preventing 
fertilisers entering inland waterý may be preferable-to removing them from water 
supplies at water treatment works. 
Hitherto, assessments of technological options carried out as a, contribution to a 
decision on an environmental standard have typically looked'only. at the activity to 
which that standard relates. Thus assessments carried out in order to set process 
standards based on the concept of BATNEEC have looked at the relevant industrial- 
process in isolation., While environmental regulation has broadened from considering 
emissions to'a single - environmental - 
medium to considering emissions to all media 
from a process, analysis of environmental performance has been extended even 
further to cover the whole material and energy supply chain associated with a product 
or service (RCEP, 1998). To ensure that the full range of options and repercussions 
are considered, assessments of technological options should be carried out as inputs to 
decisions on environmental policies or, standards should be on a life cycle basis 
(RCEP, 1998). The regulation of industrial activities continues to use permits and 
forms of standard on lines similar to those used a present, but the RCEP emphasise 
that their use should in the_ future ý beAnfonned- by, a. life cycle perspective., 
Furthermore, particular options should not be excluded from life cycle assessments on 
the ground that action required to implement them falls outside the responsibilities of, 
the immediate regulator; thus, radiological and non-radiological risk should be both, 
be considered within the same- regulatory'framework. 'The RCEP (1998) conclude 
that, if necessary, there should be a change in legislation so that the full potential can, 
be rcalised. 
The RCEP also, however, highlight a number of drawbacks of the LCA tool. For 
example, it is sometimes claimed that LCAýmay be of, little help in making realistic 
assessments of the impacts of pollution because these are often dependant on the time 
and location of occurrence;. LCA inevitablY has to consider a mixture of impacts and 
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locations which cannot be fixed geographically. It therefore has to assess the 
potential environmental effects of emissions, rather than assessing site-specific 
impacts as in other approaches such as Environmental Impact Assessment (EIA). 
Nevertheless, LCA can help policy-makers and regulators avoid decisions that would 
make the overall situation worse, or at least yield *no net benefit. Policy guidance is 
needed on where the boundaries of life cycle assessment should be drawn (RCEP, 
1998). 
Additionally, they state that the broad based assessment of options on a life cycle 
basis must not be allowed to become an excuse for avoiding or delaying significant 
improvements available at particular, stages in the life cycle. Furthermore, and this is 
not so much a drawback as a matter of practicality, judgements have to be made about 
which aspects of environmental impact are more important and also about the 
acceptability of effects in different locations. Such judgements involve questions of 
values and are discussed in section 2.3 of this report. 
In response the UK government (DEFRA, 2000) have acknowledged some of the 
points raised by the RCEP regarding the . application of LCA for environmental 
decision-making., Within its response the Government stated that it believes that life 
cycle assessment (LCA) is a useful tool in developing environmental standards. It can 
identify where intervention will be most effective, and ensure that all impacts of a 
process are properly taken into account. As such it can contribute to better decision- 
making. They also stated that some of the principles identified should have 
widespread application. For example, it is important not to exclude options from life 
cycle analysis on narrow grounds: so assessments of alternative materials or 
manufacturing processes for a product should take proper account of the knock-on 
effects which those options have in the 'use' phase and the 'end of life' phase of the 
product's life cycle. These phases are the focus of the RCEP's 24h report (2003). 
However, the government also stated that carrying out a substantial LCA as Part of 
routine processes of environmental regulation could be resource intensive and 
burdensome. Thus, basing their observations on the success of eco-labelling schemes 
around the world, they note that a more streamlined approach is much more likely to 
work. Furthermore, because of the precise nature of LCA they are unlikely to issue a 
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single set of guidance on where the boundaries of LCA'should lie. However, the 
government is certainly interested in prornotifig awarene'ýs about life cycle thinking 
and encouraging its use. For example, - new introductory guidance was sponsored by 
the DETR for publication, under the Envii6nm'ental Technology Best Practice 
Programme, the Environment Agency has &ýeloped a new software tool (WISARD), 
that applies the techniques of LCA. to the assessment'of waste management options, 
and the Government is actively using LCA techniques to investigate some of the more 
difficult environmental questions such as the relative environmental impacts of PVC 
and its alternatives. Furthermore, at a European leVel, 'LCA is recognised. formally as 
the necessary basis for Integrated Product Policy'(IPP) and Environmental Product 
Declarations (EPDs). 
2.3 Decision-making and Society' 
Scientific'and technical assessments are rarely sufficient to resolve environmental 
problems. This is especially true within the nuclear sector where the main problems 
with decision-making lie not only in the assessment of radioactive and non- 
radioactive impacts but also within the, I actual 'me6hanics of the decision-making 
process. There is currently no method that can be'employed to assess environmental 
impacts (e. g. non-radiological and radiological impacts) side-by-side within a purely 
scientific framework. 
As a result industry 'often adopts a technocratic approach (focussing on the 
quantitative aspects of decision-making) in order to alleviate public anxiety-, i. e. top- 
down information dissemination'to drion-expert. audience. However, there is no 
evidence that giving people raw statistics is'an effective method of changing their 
attitudes towards different human activities. Thus, there is now wide recognition that 
risk communication is a much subtler, and more complex process. This is because the 
majority of the problems currently facing industry are*assO'ciated with the social 
aspects of environmental decision-making. Accordingly, there is a need for industry, 
in order to engage effectively with so'Cial issues, to not only transmit information but 
also actually listen to stakeholders; it - must be a two-way process. It has been 
generally recognised that the public perceptions of risk that diverge from expert 
estimates are not'necessanly irrational but'may well reflect different values from 
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those underlying the expert assessments (National Research Council, 1996; Royal 
Academy of Engineering, 2003). As a result there is a need to develop better methods 
of communicating risk and to use decision processes which can adequately account 
for these different values. This issue has been extensively reviewed by the RCEP 
(within their 21" Report especially) and was touched upon in the Quintessa (2003) 
review of BPEO appraisals. 
However, it is important to the many discussions within this thesis that the term 
stakeholder be correctly defined. Whether 'stakeholders' are representative of the 
6public' is a common question. It is important to understand that the public is a 
convenient term, but it needs breaking down to permit effective engagement. In 
relation to any issue the public is best thought of as made up of four groups (the first 
three are defined by Harris & Robinson (2002): 
Those who have a stake in the issue and are aware of it (the active 'stakeholders') 
Those who have a stake, though are not yet aware of it (inactive stakeholders) 
Those, at this time, with neither stake nor interest in the issue (the 'wider public'). 
Those who are inaccessible because they are who are distanciated in time and 
space from the decision (i. e. those who are not yet bom or those who cannot 
attend/voice their opinion 
Any process of infortning and involving people must acknowledge these groups. 
However, Harris & Robinson (2002) argue that it is active stakeholders who are the 
key to reaching wider numbers of people. This is because beyond stakeholder 
representatives lie their constituencies, with communication often through 
newsletters, email and meetings. Stakeholder constituents will in turn be in direct 
contact with other people, and beyond direct contacts lie indirect contacts, some of 
which will overlap with other constituencies in the process. What is more, 
stakeholder-based communication channels inherently carry the necessary credibility 
to underpin progress, because they include those who might question that credibility. 
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2.3.1 Multiple Objective Decision-making 
There is a need to devise a systematic and structured process for decision-making that 
represents a move towards, sustainability. , 'However, 
' in -order, for -industry to 
effectively frame decision-making, it'neýds to'be aware that there are a number of 
different approaches available; there are two main tYPes, ', known as 'single decision 
maker' and 'multiple decision maker' problems (Cohon; 1978; Clift, 1999). It is 
crucial to match the process of reaching a decision to the type of decision being made. 
Figure 2.3 The Classification of MultiPle Objective Decisions 
Multi-objective 
Decision-making' 
Single Multiple 
Decision-maker,,, Decision-makers 
Including ,, Without, 
articulated Articulated 
Preferences Preferences 
,'ý,., 
(Sources: Cohort, 1978; Clift, 1999) 
Single ý decision-Maker problems ý are those in, which, the, decision is made by an 
individual or a group, who. share the same concerns so that, implicitly or explicitly, 
there is a shared definition of-the criteria against which decision are to be made. 
However, this class of problems can be further broken down into those decisions that 
are made with and without articulated preferences. -., Valuation, to aggregate different 
impacts to a single performance score, (e. g., Ne076assical economic Cost-Benefit 
Analysis (CBA)) amounts to -'prior articulation of preferences'. This approach is 
usually considered appropriate for problems, such as product design, which involve 
many small decisions taken by an individual or, at most, a team. On the other hand, 
managerial decisions taken by a group who recognise the same criteria and priorities 
but requiring judgement in, 'trading off different criteria to select the best option, are 
tsingle decision maker problems without prior articulation of preferences'; i. e. 
although the criteria for making a decision have been defined, the trade-off between 
the different objectives is considered explicitly. This is akin to a design problem in 
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which many factors have to be incorporated and trade-offs are required. In designing 
a stove, for example, numerous distinct constraints and design criteria must be met: 
the stove must be made of available materials; the heat it yields must be accurately 
controllable; its energy consumption and waste must be held down; safety standards 
must be met; the stove must be affordable and attractive to those who are envisaged as 
purchasers. These multiple design criteria constitute a set of constraints and standards 
none of which can be met perfectly, but amongst which the scope for trade-offs is 
limited; for example, a stove that does not heat fails even if it is very, very safe 
(O'Neill, 1997). A common approach to this kind of problem is to use a 'generating 
method', which presents the decision maker(s) with a set of viable options which are 
optimal in the Pareto sense; i. e. it is impossible to improve on any one criterion 
without worsening at least one of the others. This approach is suitable for decisions 
without prior articulation of preferences because it deliberately avoids reducing the 
parameters on the non-inferior surface to a single aggregated figure. This general 
approach can also be more widely used. -Generating techniques develop explicit 
information which makes the trade-offs betwem objective explicit. Once the 
decision-maker's preference function is specified the 'best' solution can be 
immediately be identified from the non-inferior set. Among the various generating 
techniques developed, the most widely used are the constraint method (where one 
objective function becomes a constraint in the original problem) and the weighting 
method (where weights are varied over reasonable ranges to generate a wide range of 
alternative solutions reflecting different priorities). Essentially they operate by 
introducing parameters to convert the multiple objectives into a single obtomised 
objective. The parameters are then varied to obtain different Pareto-optimal solutions. 
Many problems regarding decision-making in industry arise from the application of 
single decision maker procedures to multiple decision maker problems. Within the 
nuclear industry many decisions are made on the basis of CBA; thus in many cases 
environmental detriment is related to financial cost. The assessment purports to 
enable the dose detriment from a discharge to be balanced against the cost of 
installing and operating abatement equipment: i. e. if the benefits exceed the costs then 
the project is viable in principle (Pearce et al., 1992). Tbus, CBA serves to provide a 
means of estimating the cost of investment in abatement equipment justified in 
relation to the impact on the environment to be abated, based on monetary values 
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recommended by the National Radiological'Trote6tion' Board (NRPB)27. The 
technique appears to be a straightf6iward process'of adding up all the costs and 
benefits of a project and making the'deciSiO'n to'go, 'ahead if the benefits outweigh the 
cost. However, the'tool is 'often', applWIn'themisguided belief that it provides 
additional information for the decision'-ffiaking process',, placing quantitative monetary 
values alongside other related information. - The history'of the application of the CBA 
technique suggests that it has inherent probl6ms; 'niafiY'_of which are elaborated upon 
in Chapter Five of this portfolio, - which have - only amplified' the controversy 
surrounding environmental decisions'made' by industry. -Consequently, the'use of 
such an inappropriately simplified ifialyticial'-'methodology for environmental 
decision-making support is often ineff6ctive in practice, either in terms of generating 
robust decisions by institutions or outcomes that'are'accep't6d by society as reflecting 
democratic principle&, The g, reatest condemnation of the technique is that it is simply 
not acceptable to all parties involved in`aecision-makiýg to use monetary values to 
describe benefits and disadvantages I associated with'projects. 
There is a fundamental problem of a single decision-maker attempting to aggregate 
individuals' preferences during social ''decision processes; with the intention of 
deriving a group preference for a- single'courseof action. This has beendemonstrated 
mathematically by Arrow's impossibility theorem (Arrow, 1963) which proves that it 
is impossible to both democratically and corisistentlyaggregate individual preferences 
in plural society: group preferences cannot be'aggr'egated into a single preference by 
the use of an analytical method. ', -A'purely'analytical'tOol is unable to address the 
conflict of interests or divergent frames -of reference between different actors, which 
are central to environmental decision-making in complex contexts: 'the notion of a 
single discrete 'objective' social, preference ordering is theoretical weak and unlikely 
to be achieved, in practice in a plural society' (DETR,, 2000)28. Thus, to 'use an 
analytical model,, such as'CBA, as the basis for decision-making in isolation is to i 
disregard Arrow's impossibility' theorem. -Turthcrmore)' as highlighted in a recent 
study undertaken on behalf of the European Environment 'Agency (Funtowicz et al., 
2' Damages costs of Unit Collective Dose , 
for use in the 1990's are taken from Robb & Webb (1993). 
The application of neo-classical economics in environmental decision-making is extensively discussed 
in Chapter Five. 
28 This brief pr6cis of Arrow's impossibility theorem is take from Elghali (2002). 
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1999), any attempt to reduce the 'real world' to a monetary model will lead to 
reduction and simplification. Hence, from even a basic philosophical perspective, it is 
difficult to justify the definition of any single indicator as being capable of 
characterising the relevant factors important to a particular decision. As 
, 
encapsulated 
by Elghali (2002), if the aspiration of economic environmental valuation is to provide 
a simple, objective way of solving an essentially political/value based problem, then it 
is part of the problem rather than a solution. 
Consequently, it is important to realise that decisions in relation to the environment 
can never be based on science and economics alone. Whatever role these disciplines 
must play, referral to questions of values will be required and the exercise of practical 
judgement in decision-making is paramount. As a consequence the only truly 
satisfactory way of addressing environmental decisions where divergent values and 
interests are characteristic is through deliberative democratic processes, which have 
an appreciation of the complexity of environmental problems. Any techniques that try 
to replace the task of practical reasoning and deliberation will fail as ultimately they 
misrepresent and distort the values which they claim to represent and measure 
(Banner, 1999). Accordingly, most complex or/and controversial environmental 
problems can be classified as multiple objective decisions. 
Multiple decision-making problems are often the most difficult to address and 
decisions within the nuclear industry are usually in this class (although they have 
commonly been treated as single decision maker-problems). Multiple decision- 
making problems are those where the decision is open, i. e. the decision criteria are not 
defined in advance, even implicitly; rather, they are elicited in the course of the 
decision process (Clift, 1999). Thus, multiple decision-making problems, in their 
simplest form, are seen as a question of seeking ways of meeting the multiple 
constraints and recommendations of a plurality of principles/values (O'Neill, 1997). 
Decisions in the public sector, for example, decisions associated with planning policy, 
where numerous decision-makers are involved in decision-making where each has a 
different value framework is one such example. 
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2.3.2 Values and Decision-making 
Important questions of value, which are often crucial to decisions, cannot themselves 
be resolved through technical analysis. Thus, in'its first report the RCEP (1970), 
dealing implicitly with multiple decision maker problems, pointed out that 'there is no 
completely scientific ý and objective - means of striking a balance between 
environmental and other considerations'. For this reason they argue that openness and 
accountability are central to decision-making. The RCEP contend that the reasons for 
a decision, and the value judgements which necessarily underlie it, should be clearly 
identified and there should be'the widest possible opportunity for others who may be 
affected by a decision to contribute to the outcome of that decision. Furthermore-, 
within their 12th report the RCEP (1988) stated that although the advice of experts 
may be sufficient to ensure that best results for the environment are secured, where 
trade-offs are difficult or controversial, an environmental decision cannot be left to 
scientists, industrialists and regulatory experts alone. Public involvement is needed so 
that the public values underlying the choice of a BPEO are identified and clearly 
understood. Furthennore, it is'emphasised in the RCEP's 21't report that the process 
of consultation and public discussion about, the project should -begin as early as 
possible; - e. g. diff6rent regulatory'bodies should have early discussions between 
themselves about an industrial project so that conflicting requirements can be avoided 
(RCEP, 1988). 
Continuing this theme, the RCEP, "(1998) affin-n that different risks arise out of 
different social contexts' and therefore have different social meanings; this can 
sometime's invalidate'simplistic comparisons between the statistical probabilities of 
different events. - For example, it is now generally recognised that risks which people 
undergo voluntarily, or in the course of their employment, cannot legitimately be 
compared with risks to which they are subjected involuntarily, and perhaps without 
knowledge. - The reason why people ma y be prepared to accept much higher risks 
from one human activity than another stems from the relationship between the nature 
of an activity and their own values. ý They may be prepared to accept relatively high 
risk from an activity, for example skydiving, which is a valued part of their own lives, 
and within their own control and direct experience. Conversely, enviromnental risks 
are not something an individual can control. Thus, people's willingness to accept 
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risks over which they have no control will be strongly affected by whether they see 
benefits flowing from the activities that give rise to risk (RCEP, 1998). 
The RCEP (1998) understand values to be beliefs, either individual or social, about 
what is important in life, and thus about the ends or objectives which should govern 
and shape public policies 29 . Once formed, such beliefs may be durable. However, it 
is also characteristic that they may be formed and modified as a result of information 
and reflection. Environmental and social values, in particular, are not necessarily pre- 
formed or fixed but, for many people, emerge out of debate, discussion and challenge, 
as they encounter new facts, insights and judgements contributed by others. However, 
it is important to recognise that alongside values about the environment, an individual 
is likely to have other values and these will have implications for the way 
environmental values are pursued and vice versa. 
Tbus, those directly affected by an environmental matter should always have a right to 
make their views known before a decision is tak 
' 
en about it. Giving them that 
opportunity is also likely to improve the quality of decisions; drawing on a wider pool 
of knowledge and understanding can give warning of obstacles which, unless 
removed or avoided, would impede effective implementation of a particular decision. 
Over and above these considerations, those taking a decision may well want to ensure 
there is the widest possible consensus in favour of what they decide, all the more so in 
the case of important or sensitive decisions which are taken by politicians rather than 
officials. Furthermore, those taking a decision may also feel that if the general public 
believe that their views have been taken into account in the decision-making process 
then the general public and the decision makers are more likely to have confidence in 
the decision it produces (RCEP, 1998). 
2' Nevertheless, it is crucial to point out that there is considerable confusion surrounding the definition 
of 'values', which is further discussed in Chapter Five of this portfolio. However, succinctly, values are 
often treated as preferences - an issue that has contributed to the many problems inherent in 
environmental decision-making. Whilst preferences can measure the intensity with which we hold our 
beliefs they cannot evaluate those beliefs on their merits. Thus, the distinction between values and 
Preferences is an issue of principle, whilst people may see or give up things that they just prefer, things 
which are valued cannot be thought of, or dealt with, in quite the same way. 
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2.3.3 Articulating Values 
Within the earlier reports of the RCEP there is considerable mention made of the need 
to consider values explicitly to aid environmental decision-making, a point repeated 
within the Quintessa (2003) review of BPEO appraisals. ` However, as this area of 
decision-making is relatively new, little, research has been conducted within the field. 
Nevertheless, the RCEP have, within their 2lt Report, made considerable reference to 
a group of current and prospective methodologies for the articulation of values. 
Initially the RCEP (1998) identify established methods for seeking public views 
looking at the four most familiar methods used to discover and take into account 
people's views about environmental issues; Le. ýý public opinion survey, consultation 
exercises, public inquiries and parliamentary procedures. 
The RCEP concluded that the established methods for participation and scrutiny must 
continue to play an important role in decision-making. However, they also believe 
that there is a need to expand the role of other techniques within this field. Although 
the opinions and attitudes elicited by public opinion surveys, consultation exercises or 
public inquiries may reflect underlying'values,, they fail to expose such values to 
informed reflection and debate; yet, this is critical if they are to evolve and be 
modified. Tbus,, the RCEP (1998) feel that the traditional forms of consultation fail 
on two grounds. . 
'Primarily, the techniques, fail to provide an opportunity for 
interaction, thus preventing the clarification of the values underlying the responses 
made. It is unrealistic to suppose that values are fixed, and waiting to be uncovered 
by questionnaires or other, types of analysis. Thus, there needs to be scope for 
opinions to be'develoPed as a result of exchanging view with others and considering 
issues in the light of growing understanding. Secondly, established methods generally 
defer public consultation until a relatively late stage in the policy process, after the 
problem has been defined and a particular framework established. Values should be 
articulated at the earliest possible stage in the decision-making process, to allow 
people to question assumptions about the character of environmental issues and the 
scientific understanding upon which analysis is r based. Framing of the issues to be 
subjected to scientific and technical assessment needs to be more socially intelligent. 
Therefore, ýin complex and controversial cases, the RCEP argue that existing 
procedures should be supplemented by new and more effective procedures for 
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articulating values; e. g. focus groups, citizen juries, consensus conferences and 
deliberative polls. A more rigorous and wide-ranging exploration of people's values 
requires discussion and debate to allow a range of viewpoints and perspectives to be 
considered, and individual Yalues developed. However, there are limited examples of 
such methods being used in the UK for environmental decision-making and therefore. 
there is only limited evidence available about their usefulness and effectiveness. 
As a result. the RCEP (1998) emphasise that a clear need exists to develop a decision- 
making framework that involves deliberative dialogue, ascertains values, develops 
trust and makes more sustainable decisions. Failure to recognise this results in the 
misguided application of single decision maker techniques to multiple decision maker 
problems, which often result in spectacular failure of the decision-making process 
(Clift, 1998). This has led the RCEP to propose a framework for environmental 
policy formation, described in section 2.4, which suggests a move away from 
representative democracy towards a more participatory approach to decision-making. 
The framework addresses the concern for processes for multiple decision-maker 
problems and therefore respects the principles of sustainability. However, in the 
business/regulatory world, where decisions are usually single decision maker 
problems, this framework is not commonly followed, as the technique is perceived as 
slow, laborious, expensive and requiring extensive planning. 
2.4 Effectively Making Decisions 
Within their 21't report the RCEP (1998) highlighted that the changes which have 
occurred in the understanding and perception of environmental problems have been 
accompanied by increased public awareness of, and concern about, environmental 
issues. Improved legal rights to environmental information, greater attempts by 
scientists to promote interest in and understanding of their work, and the extensive 
coverage of environmental and scientific issues in the news media, have placed in the 
public domain much more information about pollution issues. In response a far wider 
circle of people are now recognised as having an interest in decision-making and thus 
it is no longer acceptable for decisions to be negotiated privately between regulator 
and polluter. Although, the regulatory system has been modified in response to trends 
and the resultant forces exerted upon it, it has not evolved to the full extent that the 
new circumstances and demands will require. Increased awareness of the complexity 
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of' many environmental problems makes public trust in environmental regulation 
critical. 
In most contexts the public accepts the present system for environmental decision- 
making and regulation. However, when major and widely-publicised issues arise (e. g. 
the disposal ofiluclear wastes) public opinion about the nature and extent of the risks 
is often at sharp variance with the assessments that have been made by those with 
official responsibility for environmental decision-making; there is evidence that trust 
has been eroded (RCEP, 1998). As a result there is a general mistrust of technological 
changes and their consequences, and of those who assert to regulate them. 
Nevertheless, in response, industry and regulators have continued to rely upon the 
greater use of nurnerical standards and formal procedures in order to boost public 
confidence in environmental regulation by giving better assurance that it was set on 
the basis of precise and rigorous procedures, and was operating objectively, 
impartially and consistently. In reality, however, the conjunction of greater 
quantification and loss of confidence is unsurprising as an emphasis on quantification 
is frequently a substitute for public trust, rather than evidence of its existence (RCEP, 
1998). Thus, there is no ground for thinking that greater use of quantification and 
formal procedures will in itself lead to a rebuilding of public trust (RCEP, 1998). 
Furthen-nore, failure to pay enough attention to people's values when taking decisions 
has exacerbated the problem. There is a need to consider how traditional methods for 
taking account of people's views can be supplemented, particularly for highly 
contentious issues and decisions. The RCEP (1998) emphasise that decision-making 
is an exercise in practical judgements, and judgement is reached by a process of 
deliberation which seeks ways of meeting a multiplicity of constraints and viewpoints. 
An appropriately designed deliberative procedure deepens understanding and 
uncovers inconsistencies or errors. It enhances decision-making by improving the 
way problems arc fion-nulated, determining appropriate uses for controversial 
analytical techniques, clarifying views, and considering a range of perspectives. 
2.4.1 The RCEP's Decision-making Framework 
In response to these concerns, the RCEP developed a model, brictly outlined in figure 
2A, for multiple dccislon-i-naking problems within their 2 Is' report. 
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Figure 2.4 The RCEP's Model for Multiple Decision-Maker Problems 
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The following text repiesents- an " abridg6d '"versions , of the Decision-making 
Framework proposed by the RCEP. For a more comprehensive account of the key 
stages readers are referred to the original report (RCEP, 1998). 
Z 4. LI Recognition of a Problem 
II 
The starting point for making any decision is recognition of a problem. In most cases 
there will be some existing context., In some cases the problem will be that actions 
taken previously have had an unsatisfactory outcome. In other cases the problem will 
be an entirely new one. Recognition', of aproblem, may also come about through - 
changes in public perception of a situation, which may reflect shifts in values; the 
attitudes to the proposed disposal at sea of the Brent Spar oil installation illustrated 
dramatically one such value shift. 
2.4.1.2 Definition of the Problem 
This is not merely identifying that something is wrong, but defining exactly what is 
wrong. In some cases, the first two stages take place simultaneously. In other casesl 
further consideration may reveal a wider, more complex situation. When the nature of 
a problem is uncertain, the values of those who examine it will tend to influence the 
way they define it and hence the research which is undertaken to elucidate it. 
However, that definition may not be universally, shared; other people may assess the 
problem from different perspectives and th I us define it differently. The Brent Spar 
case illustrates precisely this, problem. Was it a question of identifying the BPEO 0 fr 
an isolated disposal, or establishing a precedent, for the disposal of all similar offshore 
structures? Was dumping at sea an acceptable way of disposing of society's waste 
products? How were the risks bf disposal on land to be compared with the very 
different risks of disposal at -sea? Different, groups of people had very different 
ap roaches to the issue. lp 
However, there is no single correct format for articulating values: the mechanism for 
public involvement should be appropriate to the circumstances of a particular 
decision. Flexibility and imagination should make it possible to devise ways of taking 
proper account of the necessary range of factors without producing* unwieldy and slow 
administrative structures. Lay people can be involved directly or indirectly, but they 
are effectively dis-empowered if they are not included in defining the problem. 
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However, it is important to emphasise that any engagement tools applied in a bid to 
enhance decision-making are used within some form of 'baseline' relationship 
between the organisation in question and the public. Although better ways need to be 
developed for articulating people's values, such a baseline relationship will ensure 
that a collaborative working style is adopted and will ensure that values are accounted 
for at the earliest stage of decision-making, in what have been hitherto primarily 
technocratic procedures., 
Z 4. L3 Form ulate Decision A ims 
Although this is conceptually distinct from defining the problem, the two steps may 
not easily be distinguishable in practice. Many environmental problems fall within a 
framework of established decisions. Where that does not apply, or circumstances 
indicate that existing decisions ought to be reviewed critically, it is vital that lay 
people should be involved either directly or indirectly. If, for example, a consensus 
conference or citizens' jury3o is arranged, it could cover both definition of the problem 
and formulation of the decision aims. As well as issues concerning the scope Of 
protection to be sought, which should have been considered in defining the problem, 
issues to be addressed at this stage include potential conflicting concerns, such as 
equity and material well-being, which the principle of sustainability seeks to 
reconcile. 
Z4. L4 Analysis of the Problem 
The analytical stage of the process has several complementary and closely inter- 
related components: 
Scientific Assessment; 
There are well-established procedures for assessing scientific evidence. The aim 
must be to indicate clearly where the boundaries of knowledge lie. To avoid 
spurious accuracy often implied when only a single statement or conclusion is 
presented, assessments should present a range of relationships concerning the 
particular issue, established under different conditions; indicate susceptibility to 
30 See Chapter Five. 
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change (e. g. through increased knowledge, or. changing priorities); and should 
acknowledge uncertainties more clearly. 
Analysis of Technological Options; 
Technological assessment will reveal opportunities for controlling pollution, as 
well as new forms of pollution resulting from technological change. Life Cycle 
Assessment (LCA) will usually provide the most satisfactory basis for assessing 
the environmental effects of industrial products and processes. 
Assessment qfRisk and Uncertainty; 
Procedures for risk assessment can help to illuminate the choice between 
alternative policies or standards and rationalise the choice of substances for 
priority control. Assessments should identify and characterisc the different types 
and sources of risk in a situation under consideration, together with the 
uncertainties and their implications. Human factors strongly influence the way 
people conceive risk and their tolerance of them, and they 'should be taken into 
account throughout the assessment process- drawing on the evidence from 
consensus conferences and similar techniques used earlier in the process. 
Communication about risks should begin at'thc outset and inform the framing of 
the decision. 
Economic Appraisal,, 
Economic appraisal will value the costs and benefits of different courses of action 
so far as possible. Great care is needed to ensure that effects for which no price 
can be established are appropriately taken into account in making decisions. The 
assessment of the costs and benefits of environmental measures can be 
problematic when available choices raise value questions. 
Analysis ofImplementation Issues; 
The implementation of decisions influences particular patterns of behaviour by 
individuals, business and industry. These patterns of behaviour should be 
identified in advance to ensure that perverse incentives are not inadvertently 
created and that the strategies selected will be those most effective in influencing 
behaviour. 
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The framework for these analyses will have been constructed at the second and third 
steps of the decision-making process. It is not expected that questions of values, 
which have already been considered and resolved, should be revisited. The dominant 
requirement at this stage in the procedure is a high degree of analytical rigour; this can 
be promoted by subjecting each of the component analyses to peer review within its 
own discipline. 
There is a need for contact and co-ordination between the component analyses, which 
rely on each other for data and assumptions. In some cases, that may mean the 
different components cannot all be carried out simultaneously. The time, resources 
and emphasis given to each of the component analyses will vary accordingly to the 
problem being addressed. In some cases, it is the scientific assessment which will 
pose the greatest challenge. In other cases, where the effects of a form of pollution 
are familiar, it is likely that the scientific analysis will be relatively straightforward, 
and greater emphasis may be placed on technological analysis in order to identify the 
available options and estimate their cost. 
Each component analysis should explore a range of options and scenarios. Some or 
all of the analyses may be repeated, either because, they are not accepted as having 
been carried out satisfactorily or because new factors emerge which were not 
originally taken into account. This may happen on the initiative of those conducting a 
particular analysis or as a result of peer review or because the conclusions of an 
analysis have been rejected at the next stage. 
The analytical stage is primarily an activity for experts, within the framework of the 
questions and policy aims determined at earlier stages. There are circumstances in 
which other forms of knowledge, posed by non-experts, can make a crucial 
contribution to an expert analysis; this may happen with local knowledge (e. g. 
Cumbrian sheep farmers' input to the determination of the impact upon Cumbria of 
the Chernobyl nuclear incident - see Irwin, 2001). Furthermore, value questions are 
necessarily posed when decision are made and scientific, technological and economic 
appraisals should be supplemented in ways which allow these questions to be properly 
considered, in order to elucidate the consequences of decision-making. 
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The presentation to decision-makers of the results of Ahe analyses referred to above 
should clearly state the assumptions and limitations of each analysis. It will usually 
be necessary to offer several options and their implications, so far as these can be 
gauged. An underlying theme which runs through the RCEP Reports is the need for 
transparency and openness in all aspects of environmental management. The function 
and composition of all the bodies involved in decision-making should be public 
knowledge and all the data, models and assumptions they are using should be readily 
available to the public. There should be opportunities for the public to exert an 
influence on what happens at each stage, beginning with the initial recognition of a 
problem. 
Z4. LS Deliberation'and Synthesis 
Considering the results from the whole cluster of analyses in the light of the way the 
problem has been defined and the policy aims previously decided is obviously a 
crucial step. Consideration of people's values is an important part of this step. If the 
procedure has worked effectively, they will have been articulated as part -of earlier 
steps. In other cases, some action may have to be taken at this stage to enable them to 
be articulated more clearly. If so, advantage can be taken of the much greater volume 
of information and analysis that will be available. 
Before a decision is finalised it may be the subject of some traditional form of 
consultation with interested parties. That may or may not lead to repetition of one or 
more steps in the procedure. Furthermore, the time and resources spent on particular 
methods for eliciting values, and the extent of lay participation, will depend on the 
nature of the problem to be addressed. 
The RCEP note that the failure to'make clear a separation between decision-making 
and analysis (which, in the scientific field, has predominately been scientific analysis) 
has had a pernicious effect on trust in the quality and integrity of both expert advice 
and the decision taken. There are several reasons why a separation of the scientific 
assessment stage from the decision-making stage is essential. It is important that all 
the component analyses restrict themselves to setting out the information which will 
form the basis for the decision, and do not attempt to displace that decision. Even in 
cases where the scientific assessment may appear to lead directly to the deliberative 
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procedure from which a standard will emerge, there must always be some 
consideration of the practicality, cost, legality and morality of the decision, however 
intuitive this consideration may be in practice. Rigour and accountability are better 
served if these considerations are kept explicit. 
The logic of scientific processes differs from that of decision-making, making it 
inappropriate for both activities to be undertaken simultaneously. There'lias often 
been a poor understanding of the nature of scientific investigation and the uncertainty 
surrounding research results. Decision-makers often demand certainty from science, 
frame questions in a way that scientists are incapable of answering, and demand 
answers before sufficient information is available. Where scientists are explicit about 
the extent of uncertainties, decision-makers may seize upon that as a reason for 
deferring action or response. The need to establish clear principles which apply to the 
use and preparation of scientific advice is especially relevant in cases where there is a 
large degree of scientific uncertainty or a significant range of scientific opinion, or 
where it falls in a highly controversial are. 
The knowledge provided by a single discipline is never sufficient to determine the 
precise level of a standard needed. By recommending that a distinction be made 
between analysis and policy making, the RCEP are not saying that scientists and other 
analysts are not qualified to exercise practical judgement, nor that they should not do 
so. However, they are suggesting that scientists and other analysts should make it 
crystal clear when they are speaking as scientists (or whatever) and when they are 
exercising practical judgement. Thus, any body involved in making decisions should 
draw an explicit distinction between scientific statements and recommendations it 
wishes to make after considering a scientific assessment in conjunction with other 
factors; and it should identify clearly what those other factors are. 
Decision-making bodies ought to take into account the entire range of considerations 
identified as being relevant to such decisions and this should be required by their 
terms of reference. There should also be an audit trail documenting all the 
considerations taken into account in reaching a decision and how they were taken into 
account. All enviromnental standards should be reviewed at pre-set intervals or 
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earlier if significant new evidence emerges or there is an unforeseen change in 
circumstance. 
A basic requirement for public trust is that the decision-making bodies must operate in 
an open and transparent way. By 'transparent' the RCEP mean that there must be full 
publicity for their existence, their terms of reference, the decisions they take and the 
reasons for them. By 'open' they mean that there must be adequate opportunities for 
those outside an institution', especially those with a particular interest in a given 
decision, to contribute fully to the decision-making procedure. The nature of the 
contribution, and therefore the precise requirements in institutional terms, will vary 
according to the aspect of standard setting involved. ' For scientific' input, for example, 
the use of peer review and open publication of evidence will be major factors. Both 
decision-makers and the 'general'public must be able to recognise and take into 
account the impact of vested interests in the process and the balance struck in the 
ultimate outcome. All analyses should be subject to peer review and scrutiny. This is 
no panacea: whilst transparency is necessary, it is no guarantee that materially good 
decisions will result. The manner in which communication is undertaken can convey 
its own message:, appearing to disclose information only under pressure does not 
enhance credibility. 
Greater openness, and more scrupulous attention to accountability also provide a 
formal means of exposing the misuse of science by decision-making, and may provide 
a means of clarifying the level of ýncertainty in scientific assessments and the 
assumptions underlying scientific and economic analysis. There is a difficult line to 
tread between openness and scaremongering. Careful, but not unduly simplistic, 
I 
explanation is one of the means of avoiding reaction of panic to a half-understood 
story. Experts need to concentrate on improved explanation and to be better aware of 
the public's ability to grasp complex issues and cope with uncertainty. 
2.5 Conclusions 
This chapter has highlighted the changing view of the UK and its approach to 
decision-making due to the influence and expansion of sustainability. It has'outlined. 
that the measures'taken. over the past century to counter pollution largely resulted 
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from a narrow conception of environmental protection: the desire to protect human 
health and well being. Regulation had its origins, at least in the UK, in controlling 
local pollution of water or air. The effect of pollution was obvious and so generally 
was its source; smoke came from a chimney or dirty water from a pipe. The concept 
of Best Practicable Environmental Option (BPEO) for environmental 
management/protection drew attention to the link between pollution of the air, water 
and land and proposed an integrated approach so that damage to the total environment 
could be kept to a minimum. The RCEP have highlighted that, whilst environmental 
protection has stemmed from mitigating, releases to the environment of easily 
identifiable pollutants, the situation has now changed and the sources of 
environmental pollution are now much more temporally and spatially displaced. The 
RCEP (1998) argue that these changes have implications for the types or evidence, in 
particular types of scientific evidence, required to support environmental decision- 
making. 
However, although the regulatory system has recognised some of these issues and has 
been modified in responses to the trends and forces exerted upon it, it has not evolved 
to the full extent that is required. This is reflected within the limited scope of UK 
legislation; the current UK legislative framework for the assessment of environmental 
impacts is insufficient. Furthermore, although the UK government has acknowledged 
many, of the principles that the RCEP have suggested for the improvement of the 
'current regulatory regime, little else has been done. This is especially true within the 
nuclear sector where radiological and non-radiological impacts, although regulated by 
the same body, remain completely separate and the regulation is typically focused on 
releases. In an attempt to address these issues the RCEP highly favours the 
development of Life Cycle Assessment (LCA) for the determination of environmental 
impacts. LCA has been used extensively to compare products and processes and 
provides a completely holistic assessment of the impacts of any activity throughout its 
life cycle. The UK government has acknowledged that the technique is useful in 
environmental decision-making; however, the regulators, for reasons unknown, fail to 
accept the application of the LCA technique within the UK; this needs to change. 
Furthermore, the RCEP recognise that many of the problems currently facing society 
are rooted within the values and perceptions that society holds and are not only related 
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to the scientific assessment of environmental impacts. As a result, the RCEP identify 
the communication of information as a key factor in dccision-making and recognisc 
that controversial decisions cannot be left to experts; public involvement is essential. 
There is a need to develop more participatory - forms of decision-making, because 
decisions on the environment need 'to' incorporate values and these cannot be 
determined through scientific assessment. There is a need to develop techniques 
which can be used to articulate values and factor them, and the values they articulate, 
into a suitable decision-making framework. * Consequently, the RCEP propose a 
decision-making framework which aims to obtain greater openness and more 
scrupulous attention to accountability by'providing a formal means of exposing any 
misuse of science and clarifying the level of uncertainty in scientific assessments and 
economic analysis. 
It is also important to mention that the RCEP's 2 I't report (1998) is viewed as leading 
the way in articulating a conceptual and universal framework for environmental 
decision-making, which, takes'account of public values. The RCEP presented the 
report as pointing to the direction in which protection of the environment should 
evolve, noting that their analysis and conclusions have relevance well beyond the UK 
and are in tune with current thinking in -other countries. Accordingly it is loosely 
employed'as a template for 'this portfolio, the'remainder of which outlines the 
development and application of a decision-making technique which utilises LCA and 
a more deliberative approach to environmental decision-making within the nuclear 
industry. 
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Life Cycle Assessment and Radiological Impact 
Assessment 
3.1 Introduction 
As a result of the recommendations highlighted in Chapter Two, particularly those 
made by the Royal Commission on Environmental Pollution (RCEP) with regard to 
the assessment of technological options, this chapter focuses upon Environmental 
System Analysis (ESA), specifically Life Cycle Assessment (LCA). LCA holds a 
number of advantages over other environmental management tools such as 
Environmental Impact Assessment (EIA), Substance Flow Analysis (SFA), and 
Environmental Audit. The key advantage relates to the way in which the boundaries 
between the 'system under study' and the 'environment' are drawn; see section 3.2.1. 
Whereas most environmental management tools concentrate specifically on one site 
(and therefore have a limited spatial dimension) LCA encompasses the whole life 
cycle of a product, which extends from the extraction and processing of raw materials 
through manufacture, delivery and use to waste management; for this reason the 
approach is often termed 'cradle to grave assessment. The technique has formally 
been defined as the: 
'Compilation and evaluation of the inputs, outputs and the potential 
environmental impacts ofa product system throughout its life cycle' 
(ISO, 1997) 
The Midwest Research Institute carried out the first documented LCA for the Coca- 
Cola Company in 1968-69, in order to compare the impacts of different beverage 
containers on the environment, but it was never made public. In the early eighties and 
onwards the use of LCA expanded from primarily internal corporate decision-making 
towards the domain of public debate and public policy. A significant burst of LCA 
activities occurred in Europe and the United States (US) in 1990 when the Society of 
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Environmental Toxicology and Chemistry (SETAQ initiated work in response to 
difficulties concerning the lack of consistency in approach and the need to ensure that 
LCA studies are viewed as scientifically and procedurally'robust. This culminated in 
the development of standards by the International Organisation for Standardisation 
(ISO) for conducting LCA studies. Organisations whose input to the development of 
this framework has been vital include the Society for Promotion of Life-Cycle 
Development31 (SPOLD, which terminated its activities by the end of 2001) and the 
European Union (primarily through funding a number of high profile projects to 
further research in the area). Furthermore, to continue the development of LCA, the 
SETAC and United Nations Environment Programme Division of Technology, 
Industry, and Economics (UNEPTIE), Life Cycle Initiative was set up in response to 
the call from governments for a life cycle economy in the Malm6 Declaration 
(2000)32. 
The LCA methodology presented within this chapter follows the terminology and the 
four phases recommended by the international standards ISO 14040-43. The first 
phase is that of Goal and Scope Definition (ISO, 1997) which defines the purpose or 
intended application of the study taking into account scenarios, areas to be considered, 
functional unit, boundaries of the study and data quality. Phase two, Inventory 
Analysis (ISO, 1998), identifi6s and quantifies all emissions, waste and use of 
resources, 
-over 
the life cycle per functional unit. enabling the quantification of the 
environmental burdens associated with a product or service. The Impact Assessment' 
phase (ISO, 2000) allows the aggregation of all the environmental burdens quantified 
within the inventory analysis into a limited set of recognised environmental impact 
categories. The final phase, Interpretation (ISO,, 2000), evaluates the results and 
makes further recommendations to bring about a reduction in the environmental 
impacts associated with providing the product or service. This involves the 
interpretation of results to aid understanding of the issues involved, and the potential 
for improvements ýo be made. 
31 SPOLD was an association of industries (among them Ciba, Danfoss, Dow Coming, Electricite de 
Fr I ance, Procter & Gamble, and Unflever) interested in accelerating the development of LCA. 
32 The Malm6 Declaration was the first meeting of the Global Ministerial Environment Forum held to 
enable the world's environment ministers to gather to review important and emerging environmental 
issues and to chart the course for the future (www. unep. org/malmo/malmo-ministerial. htm) 
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Figure 3.1 The Four Phase ISO LCA Methodology 
Direct applications: 
- Product development 
and improvement 
- Strategic planing 
- Public policy making 
- Marketing 
- Other 
(Source: ISO, 1997) 
LCA is a dynamic and iterative process of evaluation. Thus the continuous 
interaction between the components of an LCA is essential for a successful study. 
However, the four phases can be described as distinct. For example, the Inventory 
alone may be used to identify opportunities for reducing emissions, energy and 
material use, while the Impact Assessment analyses the environmental impacts 
associated with the inventory and highlights where the efforts'should be concentrated 
in order to improve the system as a whole. LCA has become a widely recognised tool 
for analysing the environmental performance of product systems. It is however 
important to recognise that phases such as Impact Assessment are . continuously 
developing and further work is required in several areas, one of which is the inclusion 
of radiological impacts. 
3.2 Goal Definition 
The goal must unambiguously state the intended application of the study. It is 
important to establish why and for whom the study is being carried out and to whom 
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the results of the study are intended to be communicated; e. g. are the results to be 
used in-house for internal improvement or are they to be used externally. The 
following, non-exhaustive, list of LCA applications identifies the main areas where 
the use of LCA is appropriate (ISO, 1996): 
" Identifying opportunities to improve the environmental aspects of products at 
various points in their life cycle; i 
" Decision-making in industry, government or non-government organisations (e. g. 
strategic planning, priority setting, product or process design or re-design); 
" Selection, of relevant indicators of environmental performance including 
measurement techniques; and, 
" Marketing (e. g. an environmental claim, eco-labelling scheme or environmental 
product declaration). 
In Oefining the scope of an LCA study, a clear statement on the specification and the 
functions of the product is required. However, as LCA is an iterative process, various 
aspects of the scope may require modification in order to meet the original goal as 
dataýand information are collected. In some cases the goal of the study itself may 
need to be revised due to unforeseen limitations, constraints or as a result of additional 
information. The'scope of the study should describes the system boundaries, the 
functional unit and data requirements (ISO, 1998). 
3.2.1 System Boundaries 
The system boundaries define the unit processes to be included in the system to be 
modelled. Ideally, the prbduct system'should be modelled in such a manner that 
inputs and outputs at its boundary are elementary flows. An elementary flow is 
defined, as material or energy entering the system being studied which has been drawn' 
from the enviro='ent without previous human transformation or material or energy 
leaving the system being studied, or which is discarded into the environment without 
subsequent human alteration. Nevertheless, in many cases there will not be sufficient 
time, data, or resources to conduct such a comprehensive study. Consequently, 
decisions should be made regarding the unit processes to be modelled and the level of 
detail to which these unit processes are studied. 
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An important aspect of the LCA. approach to setting system boundaries relates to the 
distinction between the foreground and background systems and the identification and 
quantification of all inputs, wastes and emissions crossing the foreground and 
background system boundaries (Clift et al., 1999). The foreground system comprises 
the primary installation under investigation and often includes the set of processes 
whose selection or mode of operation is affected directly by decisions based on the 
study. The background system is made up of all other processes which interact 
directly with the foreground system, usually by supplying material or energy to the 
foreground system or receiving material or energy from it, but are otherwise 
unaffected by decisions made in the foreground system. The identification of both 
systems enables the environmental burdens associated with a product, process or 
activity to be comprehensively assessed. The distinction between the foreground and 
background system is one of the key aspects of LCA over other environmental 
assessment techniques and makes it ideally suited for the determination of Best 
Available Techniques (BAT) for IPPC. The extended scope of environmental. 
management introduced by the IPPC Directive, outlined in Chapter Two, requires that 
much more must be assessed/addressed beyond the direct emissions from a process. 
Within the IPPC framework, a particular technology/process at a particular site 
represents the foreground system, whilst the activities that support the particular 
technology/process, which are carried out offsite, represent the background system. 
The BREF documents, which guide the application of IPPC, in effect locate the 
foreground system in the context of the background. 
Due to the complex nature of a LCA, the amount of data required and the resulting 
cost of completing a LCA study, a concept called 'streamlining' has emerged. 
Streamlining generally involves narrowing the boundaries of the study, targeting the 
study on issues of greatest interest and using more readily available data (Curran, 
1996). However, the concept may be problematic because it relies upon subjective 
judgements, can result in the exclusion of important data and process steps, and 
misuse of the study can occur through implying that it is broader than it really is. 
Needless to say the assumptions made during these studies must be clearly 
documented and any decisions to omit life cycle stages, processes, or inputs/outputs 
should be clearly stated and justified, and the uncertainty that arises in the results must 
be dealt with within the Interpretation phase. 
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The criteria used in setting the system boundaries dictate the degree of confidence in 
ensuring that the results of the study are not compromised and that the goal of the 
study will be met. Several life cycle stages, unit processes, and flows should be taken 
into consideration; examples include (ISO, 1998): 
" Inputs and outputs into the main manufacturing/processing sequence; 
" Distribution and transportation; 
" Production and use of fuels, electricity and heat; 
" Disposal of process wastes and products; 
Recovery of used products, (including reuse, recycling and energy recovery); and 
Manufacture of ancillary products. " 
It is also useful to describe the system using a process flow diagram showing the 
interrelationship between all unit, processes. This description should include which 
input and output data should be' traced to other product systems and include any 
decisions made in allocation'procedures. 
3.2.2 Functional Unit 
The functional unit provides a basis'for comparison if more than one alternative is 
being studied. The primary purpose of the functional unit is to provide a reference to 
which the input and output data- can behormalised. Iý Consequently, the functional unit 
must be consistent with I the'goal and scope of the study and it must be clearly defined 
and mcasurablc. 
3.2.3 Data & Quality Requirements 
The integnty'of, the study depends on the character and quality of the measured, 
calculated''or estimated data collected, ' and the scope of thq study should define 
appropriate data'quality requirements to enable the goal and scope of the study to be 
met. Data should be characterised by both the quantitative and qualitative aspects as 
well as the methods used to collect and'integrate those data. The following data 
quality requirements must be included (ISO, 1998): 
Time related'covcrage: the desired age of data (e. g. within the last 5 years) and 
the minimum length'of time (e. g. annually) over which 
data should be collected; 
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Geographical coverage: the geographic area from which data for unit processes 
should be collected to satisfy the goal of the study (e. g. 
local, regional, national, global); 
Technology coverage: the technology mix (e. g. weighted average of the actual 
process mix, best available technology or worst 
operating unit). 
Further descriptors that define the nature of the data may also be considered. In all 
studies the following additional data will be required at a level of detail depending on 
the goal and scope definition (ISO, 1998): 
Precision: measure of the variability of the data values for each 
data category expressed (e. g. variance); 
Completeness: percentage of locations reporting primary data from the 
potential number in existence for each data category in a 
unit process; 
Representativeness: qualitative assessment of the degree to which the data 
set reflects the true population of interest (e. g. 
geographical, temporal and technological coverage); 
Consistency: qualitative assessment of how uniformly the study 
methodology is applied to the various components of 
the analysis; 
Reproducibility: qualitative assessment of the extent to which 
information about the methodology and data values 
allows and independent practitioner to reproduce the 
results reported in the study. 
Taking these factors into account a data quality scheme should be initiated for 
categorising information in terms of quality fn order to determine the overall quality 
of decisions that are made on such information. 
In response to the need for a comprehensive approach to assess the quality of data 
Funtowicz & Ravetz (1990) developed the NUSAP scheme, which is an acronym for; 
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Numeral, Unit, Spread, Assessment and Pedigree 33. The main purpose of NUSAP is 
to create a system which expresses and communicates uncertainties in quantitative 
information, by focusing on both the quantitative and qualitative aspects of 
information. An important principle of the system is that it considers single numbers 
standing alone as misleading. Thus, the NUSAP approach not only focuses on the 
purely quantitative assessment, but also pays considerable attention to the origin of 
the data. As a result, it enables providers and users of such information to be clear 
about its uncertainties. Since the management of uncertainty is at the core of the 
quality control of quantitative information,, NUSAP also fosters an enhanced 
appreciation of the issue of quality in information. It thereby enables more effective 
criticism of quantitative information by clients and users of all sorts, expert and lay. 
The NUSAP system is based on five* categories which generally reflect the standard 
practice of the matured experimental sciences. '- The category Numeral will usually be 
an ordinary number; but when appropriate it can be a more general quantity, such as 
the expression 'a million' (which is not the same as the number lying between 
999,999 and, 1,000,00 1). The second category is Unit, which may be of the 
conventional sort,, but 'which may also contain extra information, such as the date at 
which the unit is evaluated. The middle category is Spread, which generalises from 
the random error 'Of experiments or the variance of statistics. The more qualitative 
aspects of information are addressed in the last two letters of the acronym. The 
category Assessment provides a, place for a concise expression of the salient 
qualitative judgements about the information. In the case of statistical tests, this 
might be the significance level; in the case of numerical estimates for policy purposes, 
it might be the qualifier 'optimistic' or 'pessimistic'. Finally, Pedigree is an 
evaluative description of the mode of production (and where relevant, of anticipated 
use) of the information. ' The pedigree is expressed by means of a matrix and SETAC 
(1994) have suggested a pedigree matrix for life cycle data, shown in'Table 3.1. The 
columns represent the various phases of production or use of information, and within 
each column these can be numerically graded, so that with coarse arithmetic, a quality 
index can be calculated for use in assessments if required. 
33 This is a pr6cis of the NUSAP approach presented at www. NTJSAP. net 
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Table 3.1 Suggested Pedigree Matrix for Life Cycle Data 
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3.3 Life Cycle Inventory 
The goal and scope provide the initial plan for conducting an LCA study; the life 
cycle inventory stage, on the other hand, is concerned with data collection/calculation 
procedures and the process of compiling the amount of natural resources taken in by 
the system and the amount of irretrievable releases to air, water and land from the 
system. These inputs and outputs are then related to the functional unit of the system. 
This infort-nation may be used in comparisons between systems and it constitutes the 
input to the Impact Assessment phase. The goal and scope of the study is closely- 
linked to the inventory analysis and - 
these items'must be revisited continuously in 
order to ensure that the data characteristics such 'as completeness and 
representativeness are in line with the initial aims. The inventory analysis may also in 
itself identify new data requirements or issues that require revision of the goal and 
scope. If data is excluded, from the study, due for example to streamlining, this must 
be clearly documented in the inýentory. 
3.3.1 Data Collection, Calculation Procedures & System Boundaries 
Data collection requires a through -knowledge about each unit 
'process. To avoid 
double counting or,, gaps, a description -of each unit process is suggested. This 
involves the quantification and. qualification of -the inputs and outputs needed to 
determine where the process startsand ends and also the function of the unit process 
(ISO, 1998). Where the unit process has multiple inputs/outputs (material or energy) 
sufficient information will be required'to enable allocation procedures to be 
documented and, 'reported; see 'section' 3.3.2. Subsequent to data collection, 
calculation procedures'are needed, to., ý. generate the results of the inventory of the 
defined system, for, each unit proces's and f6r the defined functional unit of the product 
system that is to be modelled. The checking of data validity is required throughout 
data collection and is'best carried out through applying a mass/energy balance across 
the system. 
Reflecting the iterative nature of, LCA, decisions regarding the data to be included 
should be based on a sensitivity analysis to determine their significance (ISO, 1998). 
The initial product system boundaries shall be revised in accordance with the cut off 
criteria established in the scope definition. The sensitivity analysis may result in the 
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exclusion of life cycle stages, unit processes or inputs and outputs when lack of 
significance can be shown by the sensitivity analysis (ISO, 1998). Converselyf new 
unit processes whose inputs and outputs are shown to be significant in the sensitivity 
analysis can also be introduced. 
3.3.2 Allocation of Flows and Releases 
Life Cycle Inventory Analysis (LCIA) relies on being able to link unit processes 
within a product system by simple material or energy flows. However, in practise few 
industrial processes yield a single output or are based on linear relationships between 
raw material and energy inputs and outputs. In fact, most industrial processes yield 
more than one product, and they recycle intermediate or discarded products as raw 
materials (ISO, 1998). Therefore it is necessary that materials and energy flows, and 
associated environmental releases, can be allocated to different products according to 
clearly stated principles. 
The inventory is based on material and energy balances between inputs and outputs. 
Therefore, allocation should approximate as much as possible such fundamental 
input-output relationships and characteristics. The following principles are applicable 
to co-products, internal energy allocation, services (e. g. transport, waste treatmenQ 
and recycling (open or closed loop) (ISO, 1998). 
The allocation procedure comprises of three steps (ISO, 1998). Initially allocation 
should be avoided by either: ýiviiding the unit process to be allocated into two or more 
sub-processes and collecting the input and output data related to these sub-processes; 
or expanding the product system to include the additional functions related to the co- 
products, taking into account the requirements of the function, functional unit and the 
reference flow (Step One). Where allocation is unavoidable the inputs and outputs of 
the system should be partitioned between the different products or functions in a way 
which reflects the underlying physical relationships between them (Step Two). 
Where physical relationships atone cannot be established or used as the basis for 
allocation, the inputs should be allocated between the products and functions in a way 
which reflects other relationships between them; e. g. in relation to the co-products' 
economic value. Some outputs may be partly co-products and partly waste. In such 
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cases, it is necessary to identify the ratio between co-products and waste since the 
inputs will be allocated to the co-products part only (Step Three). 
Allocation principles and procedures also apply to reuse and recycling (ISO, 1998). 
However, these situations require additional elaboration because reuse and recycling 
may imply that the inputs and outputs associated with unit processes for extraction 
and processing of raw materials and final disposal of products are to be shared by 
more than one product system, or, reuse and recycling may change the inherent 
properties of materials in subsequent use. 
Closed loop recycling refers to systems where the material from the product system is 
recycled in the same product system and the material undergoes no change in inherent 
properties. The same'' allocation procedure also applies to open-loop product systems 
where no change occurs in the inherent properties of the recycled material. In such 
cases the need for allocation is avoided by system expansion since the use of 
secondary material displaces the use of virgin materials. , However, the first use of 
virgin materials in applicable open-loop product systems may follow an open-loop 
allocation procedure. ' Open-loop recycling refers to product systems where a material 
is recycled into other product systems'and the material under goes a change in its 
inherent properties. - The allocation procedure can be based on physical properties, 
economic values, and the number of subsequent uses of the recycled material. 
3.4 Impact Assessment: Non-radiological 
Life Cycle Impact Assessment (LCIA) aims to analyse and assess the environmental 
impact of the environmental intervention's identified in the inventory analysis. 
Conseque ntly', LCIA'is probably the'inost debated stage of the LCA methodology. 
Impact 'assessment I within LCA' generally consists of two separate stages; 
classification and characterisation. Classification is'a qualitative step in which 
different inputs and outputs 'of the system are assigned to different impact categories. 
Characterisation on the other hand is a quantitative step in which the relative 
contributions are then aggregated within the impact categories to produce an 
environmental profile of the system. However, it should be noted that there are other 
goptional elements' which can be included within the assessments (ISO, 2000): 
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Grouping: Sorting and potential ranking of the impact categories 
based on value choices, not natural science; 
Weighting: Converting and possibly aggregating indicator results 
across impact categories using numerical factors based 
on value-choices, not natural science; 
Data quality analysis: Additional techniques and information may be needed 
to better understand the significance, uncertainty and 
sensitivity of the LCIA results in order to: help 
distinguish if significant differences are or are not 
pres6nt; remove' negligible LCI results; and guide the 
iterative LCIA process. 
3.4.1 Classification 
Classification in impact assessment aims to translate , emission and resource 
consumption data into impact-orientated data. This is carried out by aggregating the 
input and output data in the inventory into various categories which describe their 
environmental effects (e. g. Global Warming, Ozone Depletion, etc. ). The assignment 
of LCI results which relate to more than one impact category need to account for the 
distinction between parallel and serial mechanisms. Parallel mechanisms arise where 
material(s) can contribute to more that one impact category (e. g. sulphur dioxide 
(SOD can be assigned to both the Human Health and Acidification categories) 
whereas serial mechanisms are those where material(s) can have successive effects 
(e. g. oxides of nitrogen (NO. ) may be assigned to Summer Smog formation and 
Acidification). A list of impact categories, commonly referred to as the Problem 
Orientated Approach, developed by the Centre for Environmental Studies (CML), 
University of Leiden, is shown in Table 3.2 (see Heijungs et al. 1992; Udo de Eaes, 
1996). However, this list is only suggestive, as there is not yet consensus on all the 
impact categories that should be included. 
One of the difficulties in choosing what categories to include in an assessment arises 
from the fact that some categories are still at the research stage while others are well 
developed. For example, there is no formal methodology available for the 
characterisation of the environmental impacts posed by radionuclides within LCA, 
although numerous methodologies, discussed in section 3.5.4, have been suggested. 
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Table 3.2 The Problem Orientated EnAronmental Impacts 
Impact Unit E quivalent 
Extracted Energy mi 
Abiotic depletion kg Oil 
Global Wamiing kg C02 
. Acidification I -kg 
S02 
Ecotoxicity k g Cr 
Nutrification kg P04 
Odour kg N113 
Ozone depletion kg CFC II 
Summer Smog kg NOx 
Winter Smog kg dust 
Carcinogenic kg PAH 
Heavy metals k g Pb 
3.4.2 Characterisation 
In the Characterisation phase the potential contribution of inputs and outputs to 
different impact categories are assessed. For each category, endpoints are defined 
(e. g. carbon dioxide (C02)'equivalents for Greenhouse Waiming Potential (GWPs) 
and CFC-1 I equivalents for Ozone Depletion Potential (ODPs)) together- with a 
method for calculating or transforming a single substance into these equivalents. 
Normally a linear charactcrisation factor is found which expresses the potential 
contribution to aicategory per mass or amount of an input or an output in the 
inventory. For example, in the impact category for GWP the reference species is C02, 
so a discharge of I unit of methane'(CH4) is given a potency factor of 23, since it has 
the equivalent GWP to 23 units Of C02 (assuming 100 year time horizon; Table 3.3). 
The extent to which 6 greenhouse gas directly contributes to global warming depends 
on a number of factors: the quantity of gas emitted,, the elapsed time before it is 
purged from the atmosphere (through natural removal mechanisms), and the infrared 
energy'absorption properties of the gas. The GWP encompasses the latter two 
properties. -For example C02' and CH4 are purged from the atmosphere at very 
different rates;, the concentration of carbon dioxide in the atmosphere decays very 
slowly whereas the average lifetime of. methane is approximately 12 years (IPCC, 
2001). Thus, GWPs can also be used to define the impact greenhouse gases will have 
on global warming over different time periods or time horizons; usually 20 years, 100 
years and 500 years (Table 3.3) ý- 
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Table 3.3 Direct Global Warming Potentials Time Horizon of Greenhouse Gases 
Global Warming Potentials 
Greenhouse Gas Time Horizon (years) 
20 100 500 
Carbon Dioxide (C02) III 
Methane (CH4) 62 23 7 
CFC-11 6300 ý600 1600 
(Source: IPCC, 2001) 
The impact can be defined at any point in the cause-effect chain, but a distinction is 
normally made between midpoint and endpoint comparisons. For example, GWPs are 
a midpoint indicator based on an incomplete cause-effect chain description. Thus, in 
evaluating the contribution of different greenhouse gases to climate change, the GWP 
compares the time-integrated radiative forcing of the gases, not the damage caused by 
climate change. The connection between the midpoint, radiative forcing, and the 
endpoints (e. g. rising sea level and changes in biodiversity) is presumed to be the 
same for all gases because they are assumed to act according to the same mechanism. 
Thus, the likelihood and consequences of the impacts are not quantified or forecast - 
an advantage in many decision-making arenas as it increases the transparency of the, 
decision, an important aspect of the decision-making process discussed in Chapters 
Two and Five. 'Conversely, endpoint analyses, for example Cost-benefit Analysis 
(CBA) and Disability Adjusted Life Years (DALYs), as applied within the 
Ecoindicator-99 methodology, can be criticised because, as discussed extensively in 
Chapter Five, they, conceal the assumptions and information used in the decision- 
making process and therefore reduce the transparency of the decision-making process 
and ultimately the final decision 34 . This is further discussed 
in the context of 
Valuation in section 3.6.2. 
The calculation of indicator results involves two steps: the selection and use of 
characterisation factors to convert the assigned LCI result to common units such as 
those in Table 3.2; and the aggregation of the converted LCI results into the indicator 
results. 
34 SETAC (2002) and Bare et al. (1999) summarise the merits, uncertainty tradeoffs, and disadvantages 
of midpoint versus endpoint indicator approaches for different impact categories. 
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ýs "=MiQ ji 11 ý ji 
(3.1) 
Sji Potential Contribution to impact category j from input or output i 
Mi Environmental intervention (amount or mass of input or output i) 
Qji Characterisation factor for intervention i to impact category j 
The total potential contribution to the impact category j from all inputs and outputs 
can then be calculated as: 
sj=zsji (3.2) 
iI 
The scores within different burden categories are not directly comparable, since it 
does not lie within the scope of natural science to say whether Global Warming is 
more, or less, or of equal importance to, ý for example, Ozone Depletion. This aspect 
has an impact on the output of the LCA study and is important when considering the 
decision-making process at the culmination of the study because important questions 
of value, which are often crucial to environmental decisions, need to be addressed. A's 
discussed briefly in section 3.6.2 and Chapters Two and Five, the framing of the 
issues to be subjected to scientific and technical assessment needs to be more socially 
intelligent. 
It is important that the method of calculating indicator results should be identified and 
documented, 'including the assumptions used., The usefulness of the indicator results 
for a given goal and scope depends'on the'accuracy, validity and characteristics of the 
characterisation models and factors. The number of assumptions and value-choices, 
used in the characterisation model, will therefore vary between impact categories. 
Consequently a trade-off often exists between characterisation model simplicity and 
accuracy. The variation in quality of category indicators among impact categories 
may influence the overall accuracy of the LCA study, for example (ISO, 1998): 
* the complexity of the effect and fate environmental mechanisms between the 
system boundary and the category endpoint; 
the spatial and temporal characteristics; e. g. the persistence of a substance in the 
environment; 
dose-response characteristics e. g. deterministic (threshold dependent) or stochastic 
(non-threshold dependent) responses. 
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The environmental mechanisms refer directly, to the cause-effect chain. Effect 
information links the environmental interventions in an impact category to the 
potential response of the system while the fate analysis considers the fate of the 
component from emission up to exposure to the target system. All categories include 
some kind of effect information. The so-called 'Critical Volume' approach for toxic 
releases is an example of a methodology where only effect information is included. 
This method calculates the characterisation factor (Qjj) as the inverse of some quality 
standard/threshold value; e. g. the No Effect Level (NEL). The NEL values can relate 
the emissions to effects on humans or the ecosystem; e. g. the quality standards used 
for human toxicity are expressed as Annual Daily Intake (ADI) or Tolerable Daily 
Intake (TDI) while for ecotoxicity the No-observable Effect Level (NOEL) is used. 
I 
Qji = NELji 
(3.3) 
Qj i Characterisation factor for impact categoryj for substance i (m 3 /kg or kg/kg) 
NELjj No Effect Level for individual substance i; e. g. ADI, TDI or NOEL (kg/M3 or 
kg/kg) 
This factor may be inserted in equation 3.1 and the resulting contribution to the 
impact category is in terms of a critical volume required for the emissions to be 
diluted to the recommended quality standard. The methodology disregards factors 
such as the persistence of substances, and their degradation and dispersion in the 
various environmental media. There has therefore been a move towards including 
more fate information in characterisation modelling (Udo de Haes, 1996; SETAC, 
2002). 
The spatial information moves the LCA characterisation methodologies towards 
becoming a more site-dependent environmental management tool. The extent to 
which spatial characteristics should be included in characterisation is dependent on 
the impact group. in the case of global categories such as Global Warming and 
Ozone Depletion, spatial characteristics are not relevant. In the case of toxicity, 
however, the impacts are normally localised and the characterisation methodologies 
developed for this category increasingly consider site-dependent parameters. If 
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temporal information is ignored, problems arise during the assessment of short lived 
versus persistent chemicals and'differences in the delay after which effects are 
expressed will not be taken into account. This raises several important questions, as 
there are not only 'methodological' difficulties with respect to what time frame i's 
appropriate, but also ethical consideration's in connection with weightingand possible 
discounting of interventions that may 'occur far into the future. It is argued in this 
research (see Chapter 5) that all interventions'in the Impact Assessment phase must be 
treated equally and that no weighting of impacts should be carried out prior to 
Interpretation due to issues associated with 'uncertainty, transparency and risk 
communication. 'Nevertheless, 'the weighting of impacts will be necessary when 
interpreting the LCA results; , whatever decision-making process is adopted needs to 
adequately account for socio-political factors. 
The dose response characteristics refer to' both deterministic and stochastic effects. 
Deterministic effects are those for which the severity varies because the probability of 
causing harm will be zero at small doses. However, above a threshold-dose the 
severity of the harm Will increase with dose, 'in most cases as a sigrnoid dose-effect 
function. Stochastic effects, on the other hand, are health effects that occur randomly 
and for which the probability of the effect occurring, rather than the severity, is 
assumed to be a function of the dose without threshold. 
3.5 Impact Assessment: Radiological 
In the routine' operation of nuclear activities, environmental releases of radionuclides 
occur as process emissions in the -form of liquid. and gaseous releases or anse over 
time from radioactive solid waste. ' However, although the non-radiological 
component of LCA has been developed extensively, a framework is needed to deal 
with radiological environmental burdens, which are currently omitted from the impact 
assessment stage of the LCA methodology. Hitherto, radiological burdens have only 
been' recognis I ed within the'inventory phase of LCA, where emissions have been 
aggegated-in'terms'of Becquerels 35. , Yet, despite the lack of an impact assessment 
methodology, surprising' little'research has been carried out within this area. 
35 The Becquerel (Bq), the Sl unit of activity, is the activity of a radionuclide decaying at a rate, on 
average, of one spontaneous nuclear transition per second. 
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Although a number of fuel studies have been carried out that adopt a life cycle 
approach (e. g. ExtemE 36 DECADES37 , GaBE 
38), they tend to define priority impacts 
which are only considered in the foreground system and do not take into account 
burdens associated with secondary processes. Furthermore, many of these other 
methodologies aim to find a final conclusion based on endpoint analysis which, as 
previously mentioned, is highly questionable. Nevertheless, a number of 
methodologies have been developed to assess the impacts of radionuclides within the 
LCA framework. However, before reviewing these techniques a summary of the 
problems posed by radionuclides in environmental modelling, along with a generic 
description of the conventional radiological impact assessment, is presented. 
3.5.1 Radionuclide Properties 
Radionuclides are isotopes of non-radioactive elements and behave 
thermodynamically and chemically in the same way; although minor isotope effects 
may occur. Thus they share their principal chemical and physical characteristics with 
their non-radioactive counterparts and pose similar difficulties with regard to pathway, 
and exposure modelling for environmental impact assessment. For example, Carbon 
14 (14C) , discussed in Chapter Four, behaves in no way differently within the 
biosphere than Carbon 12 (12C); i. e. they both act identically within the Carbon 
Cycle 39. Accordingly, however, heavy metal nuclides from the nuclear fuel cycle 
behave no differently from their non-radioactive counterparts, as a result they often 
pose the same characteristics as heavy metals and organic chemical species. The most 
apparent characteristic associated with many heavy metal radionuclides is that they 
are extremely long-lived. That is they have the ability to survive in a specified 
environmental medium sufficiently long either to be available in the environment for 
a considerable period of time or be transported over, long distances. For example, 
Iodine-129 (1291) and Plutonium-239 (239Pu) have half-lives of l5.7xlO6 and 24,390 
years respectively. Heavy metals and actinides, for example Uranium-235 (235U) and 
Neptunium-232 e32Np), are usually strongly adsorbed and thus accumulated in soil 
36 Externalities of Energy 37 Databases and Methodologies for Comparative Assessment of Energy Sources 38 'Ganzheitliche Bctrachtung von Energiesystemen' or Comprehensive Assessment of Energy 
Systems. 
39 The Carbon Cycle is the constant circulation of the element carbon through organisms and the 
atmosphere. 
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and sediments and have a high potential for accumulation in the medium. As a result, 
they may be taken up by living organisms. With regard to the potential for long range 
transport the behaviour of long-lived species'in the environment'is dependent upon a 
host of physical, chemical' and biological' characteristics, which affect the 
transportation of radionuclides through ecosystems and makes prediction difficult. 
Nevertheless, long-range transport of radionuclide species does occur and is proved 
by the fact that radionuclides have been found, by monitoring programmes, in remote 
locations such as the Arctic and isolated Pacific islands. Finally, there are issues with 
toxicity and dose assessment. ' Whereas' non-radioactive'heavy metals and organic 
chemicals may Only contribute to internal exposur '6 through ingestion or breathing, the 
assessment of radionuclides requires the assessment of both internal and external 
exposure. All radionuclides emit radiation (i. e. alpha particles', beta particles and 
gamma rays) which contribute to' impacts caused by external exposure; however the 
emission of radioactive substances into' the environment may also contribute to 
impacts from internal exposure through ingestion or breathing. - Particularly for Alpha 
emitters, this represents an important 'distinction between the assessment of toxic and 
radioactive materials. Furthermore, in order to calculate the internal impact resulting 
from radionuclide'exposure there is a need to determine the effective dose, which is 
dependent upon the physical half-life and the biological half-life4o of the radionuclide. 
Serious internal hazards are presented by those radionuclides that have long biological 
half-lives, because once deposited'in the body they remain there'and the continued 
action of the' emitted particles can - cause significant injury. , Each of these 
characteristics, ýmakes 'it very difficult, to accurately project definitive impact 
endpoints. 
3.5.2 Radiological Impacts on Human Health 
The conventional approach to human4l radionuclide impact assessment typically 
comprises of, three steps: primarily, the environmental concentration resulting from 
the release of the radionuclide species needs to be determined; secondly, the pathways 
4 
,0 The biological half-life is the time taken by an organism to eliminate one half the amount of a 
compound or chemical by biological metabolic processes. ' 41 The discussion presented here is focused purely upon the impact of radionuclides to humans. 
However, the impact of radionuclides on non-humans is an important and developing research area and is discussed in section 3.5.3. 
92' 
Chapter 3 
that the radionuclide species will pass through/along, resulting in an impact upon 
receptors, need to be determined and quantified; and, thirdly, the doSe42 that an 
individual will receive due to exposure to the radionuclide species needs to be 
determined. ThiS'mirrors exactly the approach conventionally taken to modelling the 
effect of non-radiological toxins. 
3.5. ZI Environmental Concentration: 
In order to assess the potential exposure to receptors, the radionuclide concentration in 
the various environmental media resulting from a point emission must be found, 
taking into account the properties introduced in section 3.5.1. The modelling of most 
systems takes place in several stages, but initially distribution models are applied to 
determine the steady state concentrations in the different environmental 
compartments; i. e. air and water. This involves the consideration of important factors 
such as absorption, degradation, sink processes and transfer between media; see 
Figure 3.2. 
Figure 3.2 Processes Involved in the Deposition of Atmospheric Pollutants 
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Emission Radioactive decay 
Deposition 
Land 
Sea 
(McDonald, 2000) 
It is obviously more advantageous to use site-specific data; however generic 
information can be utilised. Depending on the amount of specific data available for 
the study in question, three levels of screening for atmospheric transport pathways and 
42 Dose refers to the absorbed dose measured in Sieverts (Sv); see section 3.5-2.3. 
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two levels for surface water - have been presented by the National Council on 
Radiation Protection and Measurement (NCRP, 1996). These levels (Table 3.4) 
represent different degrees of sophistication in*the pathway models. Screening' Level 
I is the simplest approach and incorporates a high' degree of conservatism, while 
Screening Level 11 accounts for dispersion in the atmosphere and surface waters. In 
Screening Level III, however, more definitive and detailed pathway analysis is used 
and individual screening factors for external exposures, inhalation, and ingestion of 
vegetables and animal product'are applied. 
Table 3.4 NCRP Screening Levels 1, " 11 & III 
Screening Atmospheric Water 
Level 
I Assume that the atmospheric Assume that a radionuclide concentration at 
'Global' concentration at the receptor is equal the downstream receptor of interest is equal 
to the atmospheric concentration in to the liquid radionuclide concentration in 
the stream emitted multiplied by the the stream emitted. Overall screening factor 
fraction of the time the wind blows applies for all exposure pathways. 
towards the receptor. Overall 
screening factors apply to all 
exposure ýathways. 
11 Find atmospheric concentrations Find radionuclide concentration using 
'Site- using centreline Gaussian plume advection-diffusion equations. Distinguish 
dependant' dispersion models. Same screening between receiving waters, (river/stream, 
factor as above. estuary, coastal water and lake). Same 
screening factor as above. 
III Find atmospheric concentration using Not Available. 
'Site- centreline Gaussian plume dispersion 
specific' models. Individual screening facto 
, 
rs 
are used for external exposure, 
inhalation and ingestion of, vegetables 
and animal products. 
(NCRP, 1996) 
3.5. Z2 Determination ofEn vironmental Path ways: 
The pathways which the radionuclide species pass through/along, resulting in an 
impact upon receptors, need to be determined and quantified. The determination of 
pathway exposure is dependent upon two parameters. Firstly, there is a need, for each 
contaminated medium, to calculate, using pathway models, the movement of the 
radionuclidcs'thiough the food chain to man , considering the generic food chains of 
vegetables, milk and meat. The concentrations of the radionuclides in terrestrial foods 
are estimated from the concentrations in surrounding atmosphere and water. In 
addition to finding out the concentration of the radionuclides in the food chain there is 
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a need to establish consumption patterns of the contaminated food and water and to 
estimate the length of time that individuals may be exposed to the contaminated 
environment. This is typically carried out using usage factors. Site specific data for 
usage factors are always preferable to the default values (Table 3.5); however, in 
many cases, these data are not available or are difficult to obtain. The contamination 
levels found from the pathway models and the usage factors are then translated into 
the radiological dose to man. 
Table 3.5 NCRP Usage Factors 
_Pathways - 
External and Inhalation Unit Exposure 
_Exposure 
to a contaminated surface h 1(1 8000 
_Exposure 
to shoreline hV1 2000 
_Submersion 
in water hV' 300 
_Submersion 
in air h V' 8000 
_Boating 
hV 200 
_Garden 
and ground exposure form irrigation h Y' 500 
inhalation In 8000 
Pathways - Ingestion Unit Intake 
Freshwater fish kg V' 20 
Marine fish kg y" 20 
Marine shell fish kg 41 10 
Water and beverages L yý' 800 
Fruit, vegetables and grain kg 200 
Milk L 300 
Meat kg yý" 100 
Soil ke V1 0.365 
(NCRP, 1996) 
3.5. Z3 Determining Radiological Dos^- 
The dose that an individual will receive due'to exposure to the radionuclide species 
needs to be determined. The fundamental dosimetric quantity in radiation protection 
is the absorbed dose, D, which is the energy absorbed per unit mass of the recipient 
and its unit is the joule 6) per kilogram (kg) which is given the unit gay (Gy). This 
dose is used as an indicator of the probability of subsequent biological effects using 
dose-response relationships. 
The effect of radiation may be divided into deterministic and stochastic effects, as 
introduced in section 3.4.2 and shown in Figure 3.3. The detenninistic effects result 
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. C--- from the killing of cells, which, if the dose is large enough, causes sufficient cell loss 
to impair the function of the tissue. - The dose-resP'onse relationship is not linear for 
these effects', as the probability of causing harm will be zero at small doses, while 
(S 44, above a threshold-dose of approximately I Sievert V) I the severity of the harm will 
increase with dose, in most cases as a sigmoid dose-effect function (ICRP, 1990). 
Stochastic effects result when an irradiated cell is modified rather than killed. The 
modified cell may develop into a cancer; there is probably no threshold for this effect 
and the severity of the cancer is not affected by the dose. It is believed that the 
probability of cancer is roughly proportional to dose, at'least for doses below the 
threshold for deterministic effects (ICRP, 1990). - 
The probability of a stochastic effect 
is dependant on the type and energy of the radiation causing the dose, and the organ or 
tissue being irradiated. 
Figure 3.3 Dose Response Relationships for Stochastic and Deterministic Effects 
Severity 
of effect 
Detcnninistic 
i: 
f- 
Stochastic 
Variation in sensitivities among 
exposed individuals 
cific) of 
n 
Absorbed Dose 
(ICRP, 1990) 
As. diffcrcnt typCs', of radiation cause different effects in biological tissue a weighted 
absorbcd, dosc, called the dose equivalent, is used in which the absorbed dose is 
modified by multiplying it by dimensionless factors stipulated by the ICRP. The 
absorbed dose is therefore doubly weighted, using initially a factor related to the type 
and energy of the radiation (to determine the equivalent dose) and, secondly, a factor 
43 Summarised from the 1990 Recommendations of the International Commission on Radiological 
Protection publication 60 (ICRP, 1990). 44 The Sievert (Sv) is the SI-derived unit of dose equivalent, dcfined as a dose which delivers a joule of 
energy per kilogram of recipient mass. 
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representing the distribution of the dose within the body (to deterraine the effective 
dose). The dose posed by radionuclides incorporated into the body is calculated 
according to the committed equivalent/effective dose. 
Equivalent Dose: 
The equivalent dose (HT), which relates to the dose in a single tissue or organ 
measured in Sieverts (Sv), is calculated through the application of radiation weighting 
factors (wR,, ), which are selected for the type and energy of the radiation incident on 
the body or, in the case of sources within the body, emitted by the source. The 
equivalent dose in tissue is given by the expression: 
HT=E wp... DT, R. (3.4) 
Ra 
where: 
DT, Ra Absorbed dose averaged over the tissue or organ T, due to radiation R. 
The value of the radiation weighting factor (Table 3.6) for a specified type and energy 
of radiation has been selected by the ICRP to be representative of the Relative 
Biological Effectiveness (RBE) of that radiation at inducing a stochastic effect at low 
doses. The RBE of one radiation compared with another is the inverse of the 
absorbed doses producing the same degree of a defined biological endpoint. 
Table 3.6 Radiation Weighting Factors 
Type and Energy Range Radiation Weighting Factor, wR. 
Photons, all energies I 
Electrons and muons, all energies 2 
Neutrons, energy <10 keV 5 
10 keV 10 
>100 keV to 2 MeV 20 
>2MeV to 20 MeV 10 
>20 MeV 5 
Protons, other than recoil protons, energy >2 MeV 5 
_Alpha particles, 
fission fragments, heavy nuclei 20 
(ICRP, 1990) 
Effective Dose: 
Radiological dose is also dependent on the organ or tissue irradiated. Thus, the 
effective dose (E), which relates to the whole body dose, is calculated through the 
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application of tissue weighting factors (iq), which represent the contribution of an 
organ or tissue to the total detriment arising from 'a uniform dose of the whole body. 
The weighting factors are only representative for stochastic effects at low doses, and 
the resulting doubly weighted absorbed dose is, as the equivalent dose, given the unit 
Sievert (Sv). The effective dose is the sum of the weighted equivalent doses in all the 
tissues and organs of the body. It is given by the expression: 
-E J: 'WT. Hý (3.5) 
where: 
'HT Equivalent dose in tissue or organ T (Sv); see'equation 3.4 
Wr Weighting factor for tissue T. 
It is desirable that a uniform equivalent dose over the whole body should give an 
effective dose numerically equal to that uniform equivalent dose. ' This is achieved by 
normalising the sum of the tissue weighting factors to unity; i. e. I (Table 3.7). 
Table 3.7 Tissue Weighting Factors 
Tissue or Organ Tissue weighting factor, nT 
Gonads 0.20 
Bone marrow (red) 0.12 
Colon 0.12 
Lung 0.12 
Stomach 0.12 
Bladder 0.05 
Breast 0.05 
Liver 0.05 
Oesophagus 0.05 
Thyroid 0.05 
Skin 0.01 
Bone surface 0.01 
Remainder 0.05 
(ICRP, 1977) 
The; values o f, the radiation weighting factor, wR,,, depend on the type and energy of 
the radiation and are taken to be independent of the tissue or organ. Similarly, the 
values of the tissue weighting factors, ul, are assumed to be independent of the type 
and energy of the radiation incident on the body. These may be no mI ore than 
simplifying assumptions, being an approximation to the true biological situation, but 
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they make it possible to define a radiation field in dosimetric terms without the need 
to specify the target organ. 
Committed EquivalentlEffective Dose: 
Exposure to an external field leads to the simultaneous entry of energy into tissue. In 
contrast, radionuclides ingested or otherwise incorporated into the body will irradiate 
tissue over time in a manner determined by the physiochernical form of the 
radionuclide, its half-life and its metabolism in the body. To take account of this the 
ICRP has recommended the use of the committed dose equivalent, which accounts for 
the integration time (in years) following the intake. The integration time following 
intake is normally taken as 50 years for adults and 70 years for children. By extension 
the committed effective dose is similarly defined. 
Collective EquivalentlEffective Group Dose: 
The dosimetric quantities referred to above all relate to the exposure of an individual; 
thus, the ICRP uses further quantities related to exposed groups or populations. These 
quantities take account of the number of people exposed to a source by multiplying 
the average dose to the exposed group from the source by the number of individuals in 
the group over some defined period of time4s. The relevant quantities are the 
collective equivalent dose, which relates to a specified tissue or organ, and the 
collective effective dose. The collective quantities can be thought of as representing 
the total consequences of the exposure of a population or group. If several groups are 
involved, the total collective quantity is the sum of the collective quantities for each 
group. The unit for collective dose is the man-Sievert (manSv) which emphasises that 
the value quoted is the sum of doses received by a number of individuals. In practice 
the collective group dose is often dominated by the summation of a large number of 
exceedingly small doses received by individuals who are remote in both space and 
time from the point of discharge. This is also a feature inherent in some other Life 
Cycle Impact Assessment (LCIA) categories which also result in a global effect, for 
example Global Warming and Ozone Depletion. 
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The current ICRP (1990) dose limitation system is based on the cffective dose. The 
recommended effective dose limit for occupational exposure is currently 20 mSv y"', 
averaged over 5 years, with a further provision that the dose should not exceed 50 
mSv in a single year. For an individual member of the public the Commission 
recommends an effective dose'limit of I mSv y"'. The limit applies to the sum of all 
doses received from both external and internal exposures from regulated practices; i. e. 
excluding natural background radiation. 
3.5.3 Radiological Impacts on the Environment, 
At present, there'are no internationally'agreed criteria or policies that explicitly 
address protection'of the environment from ionising radiation. Radiation protection is 
commonly focussed upon human impacts, 'and most of the environmental monitoring 
of ecosystems concentrates on only those species, or materials, which are* part of the 
critical pathways to humans. In effect, it is assumed that'the ICRP's system for 
protection of humans must afford some level of protection to the populations of other 
species. This is in line with the - ICRP recommendation of 1977, which stated that 
'although z the principal objective of radiation protection is the achievement and 
maintenance of appropriate safe condition for activities involving human exposure, 
the levels of safety required for the protection of all human individuals is thought 
likely to be adequate to protect other species, although not necessarily individual 
members"of those-'species. The'commission therefore believes that if man is 
adequately protected 'then,, other -living organisms are likely to be sufficiently 
protected'., 'Furthermore, theý ICRP reiterated their case within their 1990 
recommendations which stated that 'the commission, believes that the standards of 
environmental control-needed to protect man to the degree thought desirable will 
ensure that other species are not Put at risk. Occasionally, individual members of 
non-hunian, species might be harmed, ' but not to the extent of endangering whole 
species or creating imbalances between species. ' These statements were generally 
accepted I by'the IAEAJ1996), who agreed that 'it is considered that standards of 
protection that are adequatefor this purpose will also ensure that no other species is 
threatened as a population, even if individual species may be harmed. However, the 
45 Since radionuclides persist in the enviromncnt (subject to dilution, dispersion, radioactive decay and in-growth of daughter products) the public will continue to receive radiation doses, albeit at an ever 
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approach defined by the ICRP, which is consistent with that adopted for non-ionising 
cl, I. emicals, and accepted by the IAEA, was not clearly set out and has, been 
misinterpreted to mean that the dose limit system alone would be sufficient to protect 
individual non-human species; the ICRP has made no such claim. 
However, society's concern for environmental risks has lead to contention 
surrounding these statements, and many dispute that the potential accumulation of 
radionuclides in the environment should be ignored. Amiro (1993) challenged the 
implicit assumption in the traditional approach that humans are the most radiation- 
sensitive species because they are long-lived mammals, with the implication that 
human life is valued more than individuals of other species and that if humans are 
selected as the critical indicator species, ecological protection is achieved. These 
arguments are based on limited evidence and are only valid when both humans and 
other biota inhabit the same part of the environment. However, the distribution of 
released radionuclides will always be such that other living organisms will. receive 
dose rates different from those received by people. Consequently, non-human 
organisms could be exposed to higher concentrations because of habitat differences, 
and there could be an impact on certain species without an associated impact-on 
humans (Thompson, 1988; Thompson et al., 2002). There are also ethical arguments, 
which maintain the opinion that other life forms have an intrinsic value and, that 
environmental concern should extend beyond that for human society. 
Thus, the radiological protection of the environment is an important research issue, 
and it will be even more so in the future. The human-orientated approach used up till 
now by the ICRP has obvious limitations with respect to the biosphere as a whole. 
The current system of radiation protection is not generally applicable to the 
environment, nor does it correspond to society's demands. .- 
In response to these arguments there is a widespread belief that a systematic approach 
for radiological protection of non-human species is needed to assess and manage 
radiation effects in the environment. Consequently, the United Nations Scientific 
Committee on the Effect of Atomic Radiation (UNSCEAR, 1996) published a 
decreasing rate, for some time after the initial release. 
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comprehensive report, summarising a large amount of work on the effects of radiation 
on the environment, taking into consideration the specific problems encountered with 
dosimctry and quality factors for non-human biota. The International Atomic Energy 
Agency have published a report on the protection of the environment from the effects 
of ionising radiation (IAEA, 1999), and a separate report concerned with the ethical 
considerations in protecting the environment from the *effects of ionising radiation 
(IAEA, 2002). Moreover, a preliminary 'approach for environmental protection was 
published by the International Union of Radioecology (IUR, 2000) which included the 
derivation and ý development 'of relevant quantities and units, - reference organisms, 
environmental' transfer models, reference dosimetric models and tabulated dose 
rate/effect information for reference organisms. Thus, it would appear that there has 
been'a shift from the long-held aiithiopocentric approach to environmental matters to 
one that embraces both human and hon-human' components of the environment. 
These'recent developments in the field have prompted the ICRP to address the non- 
human aspect' of radiation protection,, -initiated by the publication of. their draft 
'Protection' of, Non-Human Species From Ionising Radiation' - Proposal for a 
Framework for'the Assessment and Management of the Impact of Ionising Radiation 
in the Environment' (2002). It is beyond the scope of this chapter to review all of the 
methodologies proposed for the assessment of non-human radiological impacts. 
Nevertheless,, in summary, these include (ICRP, 2002): arguments that, because 
humans are an integral part of theenvironment, and are afforded such a high level of 
protection, then all other components of it are axiomatically protected; calculations to 
demonstrate that,,, in hypothetical situations, if radionuclide' concentrations in the 
environment'are such that the I- mSv y'*', dose limit to humans is not exceeded, then 
animals and plants in their food chain would necessarily receive dose-rates less than 
those likely to-4 cause them 'harm' at the population level; the use - or proportioned 
use - of 'dose-limit standards'; for the protection of populations of all aquatic animals 
and consideration of' dose standards for populations of all terrestrial plants and 
animals; the introduction of- an ecological, risk assessment framework to assess the 
effect on non-human species of radionuclides released from nuclear facilities using 
dosimetric models and estimated 'no effect dose rates' for a number of biotic 
assessment endpOints relevant to aquatic and terrestrial ecosystems; the attempt to 
develop an overall system for environmental protection based upon narrowly defined 
reference fauna-and-flora approach, which consists of defined dose models, data sets 
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to estimate exposures, and data on dose-effect relationships for individual fauna and 
flora; and consequent developments to produce systematic frameworks - also using 
the reference fauna-and-flora approach - for assessing environmental impact of 
ionising radiation on specific geographic areas, such as at national levels, and for 
European and Arctic ecosystems. All of these approaches have their strengths and 
weaknesses and these are defined within the ICRP report (2002), but none of these 
approaches has been developed to the point of approaching practical application. 
3.5.4 Methodologies for Radiological Impact Assessment within LCA 
There are currently four published methodologies proposed for assessing radiological 
impacts within LCA. These are the: Critical Volumes approach; Site-Specific Dose 
Assessment; Damage Based Assessment; and Risk based Approaches (Figure 3.4). 
The final three models all account for the fate and exposure of radionuclides; however 
each adopts a different complex model. Furthermore, the Damage Based Assessment 
methodology is the only technique that applies endpoint analyses and evaluates 
impacts in terms of Disability Adjusted Life Years (DALYs) by aggregating health 
impacts. The application of DALYs could, in principle, also be applied to either the 
Site-Specific or Risk Based methodologies. However, as referred to in section 3.4.2 
the use of endpoint analysis is questionable and highly controversial due to the higher 
aggregation caused in moving from a simple indicator (e. g. Sv) to an actual damage 
assessment (e. g. DALY) and the subsequent loss in transparency. For this reason 
each of the methodologies presented is investigated up to the 'effect analysis' stage 
and an independent discussion of the application of DALYs is presented in Appendix 
A. A more general discussion of other endpoint analysis techniques for 
environmental decision-making is given in Chapter Five of this portfolio. 
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Figure 3.4 Methodologies for Assessing Human Radiological Impacts in LCA 
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3.5.4.1 Critical Volume Approach: 
Some forms of LCA apply the Critical Volume approach (i. e. dilution volumes; see 
section 3.4.2), based on quality standards, and it is this approach, using the radiation 
threshold for occupational health, which has provided the only method immediately 
available for assessment of the potential effects of internal radiation exposure. The 
quality standard used is the Annual Limit of Intake (ALI)46 which is designed to meet 
the basic limit for occupational exposure of a given radionuclide. The ALI are based 
on a 'reference man' and are estimated for exposure both by ingestion and inhalation; 
impacts of daughter products are recognised but other factors (e. g. chemical toxicity) 
are ignored. The ALI is the largest annual intake that would satisfy limits for both 
stochastic and deterministic effects. Stochastic effects comprise of malignant and 
hereditary disease for which probability of an effect is regarded as a function of dose 
without threshold. Deterministic effects comprise of effects for which a threshold or 
pseudo-threshold must be exceeded before a health effect is induced; see section 
3.5.2.3 for further elaboration of stochastic and detenninistic effects. The potential 
contribution to a category for internal impacts from radioactive substances is 
expressed as follows: 
= 1] 
ai sr 
i ALIj 
where: 
Sr Total of Critical Volume radiological impact category (kg body weight) 
ai Activity of radionuclide i (Bq) 
ALIi Annual Limit of Intake for radionuclide i (Bq/kg body,, ight) 
(3.6) 
However, the critical volume approach is limited because it only considers the effects 
of internal exposure to direct emissions and assumes that an individual is fully 
exposed to the resultant environmental concentration of the species emitted. This is a 
fundamental flaw in the critical volume approach, whether it is applied to radiological 
or non-radiological species/impacts, because it fails to account for the fate of 
46 The Annual Limit on Intake (ALI) is the activity (Bq) which taken in on its own would commit a 
person, represented by the ICRP 23 'Reference Man' (ICRP, 1975), to the annual limit on the effective 
dose; for members of the public this is set at I milli-Sievert (mSv) for artificial sources of radiation. 
However, the doses for individual species are dependent upon the type of radiation emitted, the energy 
of radiation and that of any radioactive progeny, the selective deposition in specific body tissue and the 
effective half-life. ý 
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substances and their exposure pathways through the cnviro='ent; see sections 3.5.2.1 
and 3.5.2.2. Thus, in many instances, the approach overestimates the impact of 
releases. In order -to suitably model ý any 'system it is necessary to develop 
charactcrisation factors for, releases which include both' the fate and exposure 
components. "' It has been suggested by Heijungs (1994) that- the Critical Volume 
methodology can be extended in the future to develop multi-media models based on 
the 'Impact of a reference isotope-in a similar manner to those proposed for the 
assessment of toxic releases. However, although this approach may account for the 
fate of radionuclides, the limitations withiespect to'ALIs still apply. Principally, the 
approach adopts quality standards which are usually only applicable to occupational 
exposure and not to continuous exposure of the individuals living near the site. These 
standards are less strict than those for members of the public as they are threshold 
values based on the exposure of a particular age group. Furthermore, because they are 
occupational 'standards workers voluntarily take, them, whereas the public has no 
choice in expoSUre7. 'Also, ALI are regulatory thresholds'and as'a result they often 
suffer ffom differences is standard setting over time and different regulatory agencies 
may not be consistent. 
p948: 3.5.4.2 Site-Specific Approach - Sellafteld Critical Group Dose (CG 
Site-specific models can also be used to determine the actual impact of radionuclide 
releases from a,, site by estimating the resulting doses to individuallumans within 
specific critical groups. The critical group is defined as the member(s) of the public 
most exposed to radiation due to operations at a given site. The dose to members of a 
critical group is assessed as the mean of the sums of effective doses from external 
irradiation, calculated from the external dose rate, and their committed effective doses 
arising from intakes of radionuclides during the year taking into account all relevant 
47-VolUntary risks are those undertaken with knowledge of the possible consequences; that is before 
participating in such a, ctivities (e. g. smoking) people are aware of the chance of injury or death and 
accept the risk. Conversely, involuntary risks are those that are unwittingly taken or are outside the 
public's control (e. g. lightning strikes). Public radionuclide exposure is an involuntary risk (see 
IZfstedt & Frewer, 1998). 
48 Collective doses, as defined in section 3.5.2.3, resulting from discharges from the Sellafield site are 
calculated using the NRPB PC-CREAMmOdel (Mayall et at, 1997; Simmonds et at, 1995). Generally 
the PC-CREAM default dose per unit -intake values, habit data assumptions and population and 
agricultural production models'are applied. ' Collective dose factors are provided for the UK, EU 
(defined as the population of the member states of the European Union, including the UK populations) 
and World populations. 
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pathways such as the consumption of specific foods (e. g. fish/milk) at a high rate or 
occupancy of certain areas (e. g. farmers/boat dwellers); see previous discussion on 
effective and committed effective doses presented in, section 3.5.2.3. Thus, the 
approach improves upon the Critical Volumes methodology by accounting for all 
significant known pathways. CGD impacts are calculated from the application of 
conversion factors, referred to as Dose Release Ratios (DRRs)49, which take into 
account local conditions affecting the fate and exposure of a radionuclide (outlined in 
sections 3.5.2.1 and 3.5.2.2) and determine the dose to the Critical Group per Tera- 
Bequerel discharged (Sv yf '/TBq yf 1). The Environmental Assessment Software 3.2 
(EAS 3.2) package is used to generate DRRs for direct aerial and liquid discharges. 
The majority of aerial discharges from the Sellafield site are typically long-term (i. e. 
they occur for more than 7 days) and therefore these are focussed upon here; for 
discharges which occur for less than 7 days Short-term Aerial Dose Release Ratios 
(SADRR) are applied. The long-term radiological impact of aerial discharges are 
calculated using Long term Aerial Dose Release Ratios (LADRRs) which take into 
account, amongst other things: the dispersion of species, calculated using the NRPB- 
R91 (Clark, 1979) Gaussian Plume diffusion model for monitoring the long-term 
continuous releases; the inhalation and exhalation doses, calculated at a distance of 
1000 metres from the Sellafield site (BNFL's primary nuclear facility) centre and 500 
metres from the Drigg site (UK's principle Low Level Waste (LLW) disposal site 
centre, derived from local habitat survey data (McKeever, 1993); food production, 
assumed to take place at an average distance of 1500 metres from the site (a 
representative distance of farms adjacent to Sellafield and Drigg); ingestion doses, 
calculated using equilibrium transfer data consistent with those used in the NRPB 
agricultural pathway model FARMLAND, which is part of the PC-CREAMSO 
modelling suit (Mayal et al., 1997 & Simmonds et al., 1995), with food consumption 
rates derived from local habitat survey data. 
49 A full outline of the factors considered in the formulation of DRRs is presented in Appendix B. 
50 PC CREAM comprises a suite of models and data which can be used to perform the radiological 
impact assessments of routine and continuous discharges from virtually any type of installation 
including nuclear power plants and nuclear fuel cycle facilities. It was developed for the European 
Union but parts of the system have been used throughout the world. 
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Marine Dose Release Ratios (MDRRs) are calculated using the Normalised Activity 
Concentration (NAC), which is defined as the relationship between the radionuclide 
concentration in a given environmental sample and'the discharge rate of the 
radionuclide over a year'(McKeever, 1993). The NACs are calculated using the 
CUMBRIA 77vl. 3(L) model, which is the' current operational version of the 
CUMBRIA model' (Lyon et al., --- 1998) From the prediction of seawater 
concentrations, the resulting concentration'of radionuclides in biota and sediment are 
dctermined, by averaging the seawater concentration over groups of model grid cells 
that represent the biota harvesting or sediment exposure areas and then multiplying 
these values by the relevant concentrations factors (IAEA, 1985). The resulting NAC 
values are used together with seafood consumption rates for the West Cumbria critical 
g, -Up and dose per unit intake, to gene rate MDRR values. 
Consequently, the site-specific approach -provides an accurate technique for 
determining the actual impact of direct aerial and liquid releases as it adopts advanced 
impact-pathway models. However, the approach is Sellafield site-specific and thus 
the assessment of radionuclide releases from other locations cannot be carried out, an 
essential requirement for any LCA impact assessment technique. Nevertheless, all 
BNFL nuclear facilities, and it is assumed, other nuclear companies/operations (e. g. 
Cogema, Japan Nuclear Fuels Limited (JNFL), Energy Resources of Australia, 
R6ssing Uranium Ltd, etc), will have similarly detailed site specific models for the 
determination'Of human radiological impacts. - Unfortunately, site-specific models for 
solid waste disposal areý n'ot'yet available for the UK due to a lack of a waste 
repository and as a result the, 'CGD -cannot be calculated for solid waste disposal 
scenarios. However, the Government favours the development of such a repository in 
the future, so that -sit6-specific models will eventually be developed for solid waste 
also. 
3.5.4.3 Damage Based Assessment: 
A different approach to the assessment of the human health damages related to the 
man-made routine release of radioactive, materials to the environment in LCA has 
been suggested, by Frischknecht et al. (2000). They argue, correctly, that the human 
health damages due to radiO'nuclides'and airborne pollutants such as SOx, particulate 
matter, or carcinogenic chemicals have not been 'commensurable' in the context of 
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LCA. Their approach aims to bridge this gap and develop a damage-orientated 
assessment of human health effects of radionuclides emitted by European nuclear fuel 
cycles. 
Starting from atmospheric and liquid discharges to the environment, the methodology 
determines the main pathways from the points of release to the receiving population. 
These fate and exposure analyses are taken from site-specific modelling of the French 
nuclear fuel cycle carried out by Driecer et al. (1995) at the Centre d'6tude sur 
Evaluation de la Protection dans le domaine Nucl6aire (CEPN) from which generic 
exposure factors were derived for use in the ExternE model. The effect analysis is 
based largely on epidemiology studies. Thus, the approach is a compromise between 
generic impact assessment data, still required in most of today's LCAs, and site- 
dependant and site-specific data. 
The models use a time horizon of 100,000 years, to take account of the longevity of 
some radionuclides. For the dispersion of atmospheric discharges, a Gaussian plume 
model is applied which utilises 'wind roses'51, developed from past measurements of 
the meteorological conditions at specific French sites to represent the average annual 
conditions. For liquid releases into rivers, a simple box model is adopted, dividing 
the river into several sections, assuming instantaneous mixing in each section of the 
river. Liquid discharges to the sea employ a model of the European Sea (including 
the northern European waters and the Mediterranean Sea). Globally dispersed 
radionuclides (e. g. Carbon-14, Iodine-129, and Krypton-85) are also modelled over a 
time horizon of 100,000 years. However, confidence, in the results of the global 
assessments is low due to the extremely general models that are used and the 
propagation of very small doses over a large population for a very long time. The 
result of the pathway analysis is an estimate of the amount of radioactivity (Bq) to 
which the population will be exposed converted to an effective whole body dose (Sv) 
using factors reported by the ICRP (1990) and outlined in section 3.5.2.3. The method 
does not accurately calculate individual doses and is intended to provide the best 
estimate of population collective dose (manSv) and estimates of the health impacts 
51A meteorological diagram depicting the distribution of wind direction and speed at a location over a 
period of time. 
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resulting from those doses. A detailed environmental pathway model is not used. 
However, as for the ýSite-specific approach, environmental transfer factors between 
deposition and food concentration in different food categories, integrated over 
different time periods assuming generalised European agricultural conditions, are 
obtained from the NRPB agricultural pathway model FARMLAND. The health 
effects (i. e. different type of Cancer and severe hereditary effects) due to the exposure 
of human beings irradiated are then calculated statistically (Dreicer et al., 1995). The 
health impacts - due to radioactive waste disposal in underground facilities are 
disregarded because no data for radionuclide releases to groundwater are provided in 
the energy systems' database (Frischknech It et al., 2000). ' Furthermore, the approach 
does not include human health damages due to ionising radiation released by severe 
accidents or the effect of releases upon ecosystems. 
3.5.4.4 Risk Based Technique: 
It can be argued thafeach of the approaches'outlined so far for LCIA is unsuitable for 
the determination of life cycle radiological impacts because the techniques usually 
utilise quality standards. These quality standards are conventionally based upon dose 
limits, which ensure individuals are not exposed to radiation levels higher than those 
deemed acceptable. - However', the use of dose limits fails to recognise stochastic 
events;, it is impossible' to apply standards that consist of dose limitations to 
circumstances'with a low probability of occurrence but that could result in massive 
radiological impact. The disposal options for radioactive waste involve an element of 
containment or isolation from the biosphere, such as in deep geological repositories; 
normal radionuclide releases are very slow so accidental events rather than continuous 
emissions presents the greatest long-term risk. 
In light of these' arguments, it has been suggested that the impact posed by 
radionuclides could"be assessed within a LCA framework through combining the 
technique with risk assessment. Consequently, Solberg-Johansen (1998) developed 
Human' Irradiation factors, discussed here, and Environmental Irradiation factors, 
discussed in section ý3.5.4.5, and successfully applied them to an assessment of the 
nuclear fuel cycle. The principle reason behind the choice of risk assessment was that 
the technique has the ability to consider quantitatively. not only the probability of an 
event but also the probability of exposure. Thus, this provides the ability to assess the 
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generic impacts of both direct emissions of radionuclides (i. e. aerial and liquid) and 
solid wastes over a suitable time frame. The Human Irradiation approach (refer to 
figure 3.4) divides solid waste or routine direct discharges into different sub-groups, 
determines the fate of the different radionuclides using pathway models and quantifies 
their contribution to the categories using risk indicators. The methodology considers 
the generic, i. e. not site specific, impacts of radionuclides upon humans. 
In order to determine an individual's risk resulting from a dose the ICRP (1985) 
'Extended Dose Limitation System' forms the basis for the proposed impact category 
methodology and individual risk is calculated as follows: 
R= PEF 
where: 
(3.7) 
R Annual risk of a detrimental health effect as a result of radiation exposure due 
to the waste or emission (yý") 
P Probability that the individual will incur a dose; i. e. nature of discharge (y") 
E The Effective or Committed Effective dose incurred (Sv); see section 3.5.2.3, 
and more specifically equation 3.5 
F Probability per unit dose of detrimental health effect; constant annual risk 
factor (Sv-1) 
Equation 3.7 embodies a distinction between the probability that an individual will 
incur a dose and the probability that an individual or his descendants will contract a 
serious detrimental health effect as a result of that dose. The term probability is 
usually defined in terms of frequency of occurrence. The risk value (R) indicates the 
potential impact on human health due to the waste arising or radiological emission 
resulting from the system. Risk is defined by the ICRP as the probability that a 
serious detrimental health effect will occur in a potentially exposed individual or their 
descendant. This definition of risk is only relevant for stochastic events at low doses, 
because the average dose (E) which is used as an indicator of the probability of effects 
in the Risk Assessment, depends on the linear relationship between dose and response 
(ICRP, 1990). Fatal cancer is often the main health effect considered, because at the 
levels of dose normally involved this is the effect with the highest probability of 
occurrence per unit dose. The risk of a detrimental health effect, R, is taken to 
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represent the contribution to the Human Irradiation category. From this radionuclide 
specific Human Irradiation characterisation factors (QHj) are calculated which allow 
the'impact to be calculated as for other LCA impact categories: 
Silli = aiQl, l, ll = PiElF * (3.8) 
where: 
SHU Contribution to Human Irradiation impact category by radionuclide i defined 
as annual nsk'of detrimental health effect 
ai Activity of radionuclide i (Bq) 
QHIi Characterisation factor for Human Irradiation for radionuclide i (Bq-1 y') 
Pi Probability that the individual will incur a dose from radionuclide i (Y) 
Ej The Effective dose or Committed Effective dose incurred by radionuclide i 
(Sv); see section 3.5.2.3 and more specifically equation 3.5 
F Probabilit ý co-efficient for stochastic effects (Sv"): see table 3.8 y 
The fin al risk, values may be summed for all radionuclides from a particular system or 
site and represents the total contribution to the Human Irradiation category (SHI): 
n 
SHI = 
ISHN 
(3.9) 
i-I 
However, it is important to rccognisc that the results produced can only be used for 
comparative assessment and cannot be used to determine actual risks or doses to 
individuals. 
In order to find the risk to human health from the LCA inventory data according to 
equation '3.8, detailed site*- - dependant'information I as well as knowledge about the 
types of radiological emission is required. The probability per unit dose of 
contracting fatal cancer (F)'is a'constant annual risk factor, defined as the sum of 
individual risk factors for fatal cancers in each of the body's main tissues and organs 
(Table 3.8)52. 
52 The probabilities for a general population differ from the worker population due to the inclusion of 
more sensitive younger age groups. 
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Table 3.8 Nominal Probability Coefficients for Stochastic Effects 
Detriment (10'2SV I)I 
Exposed Population Fatal cancer* Non-fatal cancer Severe hereditary Total 
effects 
Adult worker 4.0 0.8 0.8 5.6 
Whole population 5.0 1.0 1.3 7.3 
For fatal cancer, the detriment coefficient is equal to the probability coefficient. 
(ICRP, 1990) 
The calculations to find the dose incurred (E) are based on a number of models for 
radionuclide transport in the environment. The probability (P) of an individual 
receiving a dose depends on the nature of the discharge. In the case of doses arising 
from 'natural' release processes; i. e. direct discharge or gradual degradation of 
conditioned waste and its containers by ground water, this probability may be 
assumed to be unity as the radiation exposure pattern relates to the normal evolution 
of the site and is therefore reasonably predictable. Other processes are not gradual, 
and have to be thought of as probabilistic. These may be accidental intrusion to a 
repository by man or gross distortion of the geosphere (i. e. the rocks and groundwater 
surrounding a repository) by, for example, seismic activity or glaciation. Some of 
these events modify the characteristics of existing pathways while others introduce 
new pathways. Consequently, direct discharges and solid waste disposal are treated 
separately. However, the risk-based approach to radionuclide life cycle impact 
assessment presented here is the only technique that can account for the radiological 
impact of all waste types; i. e. direct aerial and liquid discharges and solid wastes. 
Direct Discharges: 
The National Council on Radiation Protection and Measurement's (NCRP) Screening 
Models for Releases of Radionuclides to Atmosphere, Surface Water, and Ground 
(NCRP, 1996) are used as screening techniques to determine the radiological impact 
of direct releases. The environmental media considered in the NCRP publication are 
atmosphere, surface waters (freshwater and marine) and soil. The latter category 
applies to near surface disposal and is utilised for the assessment of solid wastes 
described in the following section. The screening techniques apply to intermittent or 
continuous releases of radionuclides to the environment during routine operation over 
a period of 30 years with exposure to the releases assumed to be during the last 12 
months of that period (NCRP, 1996). The 30 year period is used for build-up of 
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nuclides in the soil and sediment. The screening techniques combine many widely 
used radiological assessment principles and incorporate important exposure pathways 
and dosimetry parameters. In the screening techniques, the factors are used together 
with concentrations of individual radionuclides in the various environmental media to 
estimate the potential dose to humans. " 
The concentration of radionuclides occurring from a point discharge is determined 
using the 'NCRP, Screening Level'Il factors, -(see Table 3.4) to determine the 
probability of exposure as they, account - for, the dispersion in atmosphere, using 
centreline Gaussian plume models, and surface waters, -using, advection-diffusion 
equations which distinguish between receiving waters., The technique cannot be used 
to estimate'the actual risk of releases but-can be used for 'potential' comparative 
assessments. However, as LCA does not attempt to quantify actual impacts, this does 
not pose a problem as long as consistent methodologies are used for all radiological 
burdens. Furthermore they only apply to routine releases and not those arising as the 
result of an'accident. 
The dose incurred by humans. is, -found through combining the environmental 
concentration with the NCRP radionuclide specific Screening Factors: 
Ei'= CimSFim (3.10) 
Ci. Radionuclide i concentration in environmental media m (Bq y/m3) 
SFj. Screening Factor for radionuclide i in medium rn (Sv m3/Bq/y) 
Ej' "''Effective or Committed effective'dose- incurred by radionuclide i (Sv); see 
section 3.5.2.3 and more specifically equation 3.5, 
The Screening Factor represents the dose received from external, inhaled and ingested 
sources over a one-year period per unit concentration of a specified radionuclide in a 
, specific medium, and are comprised 
of three components: 
Pathway models determine themovement of the radionuclides through the food 
'chain to man using generic fo6d'categories e. g. vegetables, milk and meat. The 
concentrations- of radionuclides jn "terrestrial foods are estimated from the 
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concentrations in the surrounding atmosphere and water, the deposition velocity 
and the transfer factor, which accounts for the concentration of the element in 
food product per unit deposited upon the food 53 . 
e Usage Factors (see Table 3.4, which describe typical'extemal. exposure, inhalation 
and ingestion scenarios) establish consumption patterns of the contaminated food 
and water and estimate the length of time that individuals may be exposed to the 
contaminated environment. 
Contamination levels found from the pathway models and Usage Factors are 
translated into doses to man using established inhalation and ingestion factors. 
These dose factors represent the 'Committed Effective Dose' per unit intake. 
The combination of the above parameters is used to generate the Screening Factor for 
each radionuclide in the medium: atmosphere or water. The final Screening Factors 
represent the sum of the 'Committed Effective Dose' for a unit concentration of 
radioactivity received from external, internal and inhaled sources over I year. When 
combined with the radionuclide concentration in environmental media the resultant 
dose incurred may be inserted in equation 3.8 to give the contribution to the Human 
Irradiation category. 
Solid Waste: 
For solid waste, in line with the methodology for direct discharges, models for 
transport and exposure pathways are used to determine the *dose incurred by 
individuals in a critical group near the disposal site and a probability coefficient is 
used to determine the risk of a detrimental health effect. However, unlike direct 
discharges, it is assumed that exposure may occur at different times as a result of 
different evolutionary scenarios, due to the long time frame involved when 
considering the release of radionuclides from disposal sites and the inherent 
uncertainty in predicting exposures. Nevertheless, discounting is not included in the 
methodology; i. e. an impact today is viewed in the same way as an impact occurring 
in the future. 
53 In the case of aquatic environments, the assimilation of radionuclides by living organisms is 
calculated using a single empirical relationship for the transfer of the radionuclide from water to 
organism. The transfer coefficient is known as the bioaccumulation factor, BF, and represent the ratio 
of the radionuclide concentration in the organism or tissue to that in water. 
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The methodology considers that the only way to take into account the unpredictability 
of future events, both in terms of natural environment and human behaviour, is to 
develop characterisation factors for a series of possible future scenarios. Similar to 
standard risk assessment, probabilities may be assigned to each scenario and the risks 
involved at various future 'dates may be calculated. - Hence in the case of solid 
radioactive waste', the characterisation factor includes both the probability of the 
scenario that leads to a dose and the probability of a detrimental health effect 
occurring; while in the assessment of direct discharges, the probability of incurring a 
dose is assumed to be unity. The resultant characterisation methodology for different 
types of waste is defined as in'equation 3.8. 
However, in contrast to the direct discharge approach the dose (E) incurred must be 
estimated for both the slow, natural dispersion of activity from the site of disposal as 
well as the more severe, but less probable, exposure arising from intrusion by man 
into the geosphere of the disposal site. ' The probability that an individual will incur a 
dose (P) is estimated for the intrusion scenarios, while in the case of natural dispersion 
this values is assurn I ed to be close to unity. 
The characterisation factors (QH, j) are based on site specific studies and the 
contribution to the Human Irradiation category is the potential risk of detrimental 
effect associated with the emission of radionuclides from a waste disposal option, and 
may be compared with the risk from direct discharges. Consequently, four models 
have been adopted as the radionuclide specific characterisation factor is dependant on 
the type of waste concerned and the repository in which it is contained: 
9 NRPB assessments of the radiological impact from the disposal of solid Low 
Level Waste (LLW) at the Drigg disposal site have been used to determine the 
impact per unit activity disposed of selected radionuclides (Smith et al., 1987; 
Smith et al., 1988). 
NCRP S, creening Models for Releases of Radionuclides to Atmosphere, Surface 
Water, and Ground (NCRP, 1996), 'Disposal of Radionuclides in Ground' figures 
have been used to calculate the impact arising from the disposal of mill tailings. 
-PAGIS: 
Perfbnfiýance assessment of Geological Isolation Systems for Radioactive 
Waste (Storck et al., 1988; Marivoet & Bonne, 1988) have been used to determine 
the impact of vitrified High Level Waste (HLW). 
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* PACOMA: Performance Assessment of Confinements for Medium level and cc 
contaminated waste (Hirsekorn et al., 199 1; Mobbs et al., 199 1) have been used to 
calculate the impact of a bearing waste and medium-level radioactive wastes. 
These site-specific studies model the migration of the radionuclides through the 
disposal system and report dose and risk values related to a specific inventory of 
disposed radioactive waste. This is carried out for both normal evolution and human 
intrusion scenarios and, for each of these, different exposure pathways may be 
reported. For the purposes of developing characterisation factors for LCA, the 
pathways, which give rise to the highest individual dose in each case, are used. The 
intrusion scenarios are assumed to take place after 50,100 or 300 years after the 
repository is closed. These times are thought to be representative of the period for 
which the repository is managed. The peak risk is assumed to arise at the time of 
intrusion for these scenarios, while considering the nonnal evolution of the site. Peak 
risk may arise at various times depending on the radionuclide, type of waste and 
repository design. 
The characterisation approach for solid waste differs from that for direct discharges in 
that the fate calculations for the transfer of radionuclides from the waste to human are 
aggregated into the site dependent characterisation factors and each step is not carried 
out explicitly. The characterisation factors are specific to radionuclide, waste type, 
disposal facility and evolutionary scenario., They represent the direct linear 
relationship between the activity of a radionuclide in a waste type and risk to human 
health. The factors include the transfer of radionuclides from the waste through the 
disposal system into the biosphere (the soils, seas, estuaries, lakes, rivers, atmosphere 
and organisms in contact with the geospehere), the human uptake and the resulting 
dose incurred. For altered evolution scenarios the factors also include the probability 
of an event happening. The remaining calculations are carried out in line with the 
ICRP's 1990 recommendations, with impacts determined as the expected number of 
radiation induced detrimental health effects. 
3.5.4.5 The Environmental Irradiation Category., 
As discussed in section 3.5.3 radiation protection is commonly focussed upon human 
impacts; however, it appears that there are movements to embrace both the human and 
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non-human components of the environment. - In response Solberg-Johansen (1998) 
has devised an Environmental Irradiation category, which shares many characteristics 
with the Human Irradiation methodology, described in section 3.5.4.5, for use within 
LCA. The characterisation methodology proposed for Environmental Irradiation 
indicates the quality of the environment as a'whole; however, the category has 
difficulty adopting a risk-based assessment due to -a, lack of knowledge about the 
effects of radionuclides on non-human biota; see section 3.5.3. ý 
In the Human - Irradiation - methodology, - pathway models are used to find, the 
radionuclide concentration in the various environmental media which is then 
considered alongside possible exposure routes' and risk based dose relationships to 
determine the potential impact on human health. - The Environmental Irradiation 
category uses the same - environmental, pathway models to determine the time- 
integrated concentration, Cij, in the environmental media of concern. But the final 
evaluation of potential impacts differs because conversion relationships do not exist to 
account for the effect of radionuclides on the large variety of organisms present in the 
environment. Thus, there is a need. to determine Effect Factors, Efij, which can 
account for the impact of radionuclides upon the environment, in order to determine 
thý contribution to the Environmental Irradiation category: 
S Ci. Efi EI 
where: 
SER. Potential contribution to Environmental Irradiation category by radionuclide i 
in specific environmental medium m (Tj-1)54 
Cim Concentration'of radionuclide i in environmental medium m (Bq Y/mTJ) 
UM M (m 3 Him- Effect factor for radionuclide i in environmental medi /Bqy) 
Within'the Human Irradiation methodology the effect is determined as a combination 
of the Screening Factor (m3Sv/B y) and the probability of a detrimental health effect 
(Sv"). 'However, in the case of Environmental Irradiation, as scientific knowledge 
about the specific effects of radiation on the environment is lacking, it is proposed that 
the Effect Factor needs to relate the specific radionuclide concentration to a potential 
ýý11,1 1- 
54 TJ refers to the functional Unit of the study; e. g. ITJ of electrical energy produced from operating a 
Pressurised Water Reactor (PWR). 
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impact or effect on the environment as a whole". Consequently, the approach 
assumes that the potential load on the environment can be estimated by basing the 
effect on increments in baseline environmental concentrations of different 
radionuclides; Amiro (1991/1997), who described so-called 'Environmental 
Increment' (EI) factors, introduced this concept. It is assumed that as organisms have 
always been exposed to some natural 'background' I concentration of radionuclides 
they can tolerate a range of concentrations within the local natural variability. It is 
arbitrarily assumed that the additional concentration of I one standard 
deviation of 
background is acceptable; therefore, the EI value represents the concentration that can 
be added to the environment without causing a detrimental effect. This bypasses the 
need for detailed knowledge about each population, community and ecosystem in the 
environment. 
The EI values are used as the basis for quantifying the potential impacts of 
radionuclides on the environment in the impact assessment stage of LCA. The El 
values devised by Amiro (1993a) can be used as indicators to assess whether an area 
may become polluted. The values are not necessarily. related to toxic shock, and can 
only be used as screening tools to give an indication of the potential harmful 
concentrations released to the environment. In effect, EI values are used as a 
conservative proxy for the No Effect Level (NEL) used in the Ecotoxity LCA 
category; see section 3.4.2 and more specifically equation 3.3. 
In addition to relating the time integrated radionuclide concentration, Q., in equation 
3.11 to the EI concentration of that radionuclide, it is related to the time duration over 
which an effect may occur. In the Human Irradiation category the exposure time is 
included in the Screening Factor. In the case of Environmental Irradiation the 
concentration is related to the average time duration over which a radionuclide exists 
in a particular form; this is defined as the 'life-time' of the radionuclide, ri, and is the 
reciprocal of the decay constant: 
55 However, it is important to highlight that because the approach does not include strict stressor-effect 
linkages it brings subjective judgements into the impact category definition. Nonetheless, it is argued 
by Owens (1996) that introducing alternative qualitative approaches to LCA when casual links are not 
available is acceptable as long as assumptions are made explicit and that this is acknowledged during 
the interpretation of results. 
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tl/2 
(3.12) 
ki In2 
where: 
Xi Decay constant for radionuclide i- the chance of radioactive decay of a given 
nucleus each year (yý' 
Ti Life-time for radionuclide i (y) 
1/2 Half life for radionuclide i- time required for half of the nuclei to decay (y) 
The reciprocal'Of the life-time of the radionuclides and the El factor is defined as the 
effect fktor in equation 3.11 as follows: 
Efim 
TiEIim 
(3.13) 
where: 
EL. 'Environmental Increment factor for substance i in a specific medium (Bq /M3 
water/air or Bq/kg soil) 
Thus the Enviro'run'ental'Iffadiati6n'characterisation approach can be summansed I in 
three steps. Primarily, ' pathway models determine the fate of the radionuclides when 
released to the environment. Secondly, the contribution to the Environmental 
Irradiation category'is found by comparing the radionuclide concentrations in the 
environment with the EI factors .uI sinj equation 3.11 and 3.13 as follows: 
SElim= Ci. Efi. =! Ci. 
1 
(3.14) 
TiEIim 
The -final score' in'the Envir6mnental Irradiation category'compares the additional 
exposure concentration'as a result of an emission with -the incremental concentration 
that-repreýsents the No. Effect Level (NEL). The total score in the Environmental 
Irradiation category is the sum of all the radionuclides in a specific medfum: 
SEI =Z SEI (mediaXn 
im 
m-1 
This approach -can 
be readily applied to radionuclides that occur naturally in 
significant quantities. A problem is posed by anthropogenic radionuclides, as there is 
no baseline (natural) concentration. Environmental increments are based on other 
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radionuclides with analogous chemical behaviour; for example J127 is used to assess 
1129 concentrations using atoms ratio. However, EI levels are only presented for a 
limited number of solid waste and direct liquid discharges. As with the Human 
Irradiation results, the final risk value may be summed for all radionuclides from a 
particular system or site and represents the contribution to the Environmental 
Irradiation category. However, as for the other LCIA categories, the scores within the 
Human and Environmental Irradiation categories are not directly comparable and 
cannot therefore be summed. 
The Environmental Irradiation approach to radionuclide life cycle impact assessment, 
presented here, is the only technique that can account for the radiological impact of all 
waste types upon the natural environment. 
3.5.5 Summary 
The determinatio 
'n 
of environmental impacts arising from radionuclide releases within 
LCA is a controversial but still fairly limited area of research. The four published 
techniques, outlined in sections 3.5.4.1 to 3.5.4.5, enable to varying degrees the 
impact of radiological releases to be assessed within an LCA framework. 
As highlighted, the Critical Volume methodology is an extremely limited approach to 
environmental impact assessment within LCA as it fails to account for the fate and 
exposure associated with any releases. Thus, the remainder of this discussion will 
focus upon the remaining three methodologies; Site-specific, Damage Based, and 
Risk Based. All of these techniques determine the dose to individuals from direct 
discharges using comparable, but slightly different, techniques for fate and exposure 
analysis: 
" Damage based assessment uses the ExternE model based on French fuel cycle; 
" Site specific assessment uses the Local Sellafield Site dose models, and , 
" Risk based assessment uses the NCRP generic models for direct discharge and the 
NCRP, NRPB, PACOMA, and PAGIS models for solid waste impacts. I 
All of these models take into account the same three modelling steps (i. e. 
environmental concentration determination, pathway analysis, and exposure analysis) 
but use different approaches for each stage. Furthermore, all of the models assume a 
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linear dose-response relationship to determine the'damage resulting from a dose 
received, and the expected number of radiological, health impacts is based on the 
information in the ICRP's 60 report (1990). 
The Site-specific approach is, the most realistic impact assessment methodology 
because it utilises 'real' data., However, the applicability of this approach for LCA is 
somewhat limited because the resource -demands (i. e. site-specific data for each 
nuclear installation) would be extremely burdensome. , Nevertheless, it is highly 
probable that all major nuclear installations would have such models to determine 
their human radionuclide impact; this is a regulatory requirement within the UK at 
least. The second most accurate technique is the Damage Assessment model, which 
also incorporates a significant quantity of site specific data, although it is based on the 
French nuclear fuel cycle and is consequently only suitable for European installations. 
However, neither of these approaches can account for the impact of solid waste. 
The risk-based methodology, due to its generic approach, is the only approach that 
can account for the radionuclide impacts associated with solid waste disposal, along 
with those arising from direct discharges (gaseous and liquid) at all stages of the 
nuclear fuel cycle (Figure 1.1); i. e. from mining through to reprocessing. 
Furthermore, however provisional, the Enviromnental Irradiation component of the 
methodology isAhe only technique that 'can account for the impact of radionuclide 
species upon the human, and non-human environments. In light of these factors, 
although the - site-specific - approach .- is; the most accurate impact assessment 
methodology, At is suggested that the risk-based approach, proposed by Solberg.; 
Johansen (1998), is the most comprehensive technique available. Consequently, the 
site-specific and risk-based approaches are the two techniques used to determine the 
radiological -impact associated with various abatement options for the treatment of 
aerial arisings of Carbon-14 (14C) from the Sellafield site presented in Chapter Four. 
3.6 Interpretation I 
The reliability of LCA is determined by the effects of uncertainties in the data, while 
the validity of the study depends on assumptions and choices made during the course 
of the project. This phase provides a synthesis of all the results and information 
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available in the study in order to put forward recommendations for the final decision 
making process. 
The result of the characterisation step is a set of unique numerical indicators that 
should be considered as potential impacts in each category. However, these scores, 
which make up the environmental profile of the system, do not reflect the actual or 
total impacts from the system under study because (Udo de Haes, 1996): 
e the impacts are analysed in relation to the functional unit of the study and are 
therefore relative values rather that actual impacts; 
e the impacts are allocated to a specific product or service system and as the 
processes involved may have more than one function, the impacts which are 
allocated to the system do not reflect the total impacts of these processes; and 
the inventory lacks spatial and temporal characteristics. 
Each of the of the impact categories is treated equally; if two different process options 
are compared by carrying out an LCA, the characterisation does not indicate which 
option is better unless one option scores better in all the classification groups. The 
aim of the interpretation stage is to take this further by evaluating the importance of 
the various categories and assessing the reliability and validity of the results by 
accounting for several different components (ISO, 2000): 
Analysis of Significance & Critical Review 
Valuation 
* Interpretation & Recommendations 
3.6.1 AnalYsis of Significance & Critical Review 
The purpose of analysis of significance is to conduct sensitivity and uncertainty 
analysis on the various phases of the LCA before any results are used in decision- 
making. In particular, sensitivity analysis is carried out on the results from the Life 
Cycle Inventory (LCI) and Life Cycle Impact Assessment (LCIA) phases in order to 
determine the significant issues, in accordance with the goal and scope definition and 
interactively with the evaluation element (ISO, 2000). The significant issues can 
include inventory data categories, impact categories and individual unit processes or 
groups of processes such as transportation. 
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The critical review determines whether, an LCA . has met - the requirements of the 
IS014040 international standard for methodology, data and reporting. The review 
facilitates understanding and enhances the credibility of LCA studies. In order to 
decrease the likelihood of misunderstandings or negative effects on external interested 
parties, critical reviews should be conducted on LCA studies where the results are 
used to support comparative assertions. Specifically the review process should ensure 
that (ISO, 2000): 
" The methods used to carry out the LCA are consistent with ISO 14040 
" The methods used to carry out the LCA are scientifically and technically valid 
The data used are appropriate'and reasonable in relation to the goal of the study 
The interpretations reflect the limitations identified and the goal of the study 
The study report is transparent and'cofisistent 
3.6.2 Valuation 
Valuatiop "is ýconcerned, 'with assigning relatýve values or weights to the different 
impact indicators in- order to compare the various categories in an environmental 
profile. Tlie'need for valuation is a result of the complexity of many environmental 
problems investigated using the LCA methodology and the need to address conflicting 
benefits and trade-offs. Thus, it is-, proposed as a'technique to'help the decision 
maker(s) reach a decision. There are currently several methods available and in use 
for valuation within the framework of LCA; e. g. Eco-indicator 99, Environmental 
Priority Strategies (EPS) and the Externalities of Energy (ExtemE) methodology. The 
Eco-indicator 99 is based on a damage fimction approach, whereas both EPS and 
ExternE are monetary methods. The goal of valuation is to provide a final result that 
consists of a single figure or index for easy comparison. Thus, these analyses may 
seem, useful for formulating the basis - of decisions, as they promise a means of 
bringing'the diverse elements of the situation under a common measure and hence, by 
rendering them commensurable, a means of arriving at a determination of the best 
way forward., 
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However, there is extensive literature criticising the application of such techniques for 
56 
environmental decision-making . Within all the methodologies the characterisation 
values and weighting factors are aggregated into a single value; this has an obvious 
impact on the transparency of the final decision. Furthermore, as highlighted in 
Chapter Two, environmental decision-making (especially, in the industry where 
decisions are highly controversial, polarised and have high media exposure) is a social 
process, which requires identifying and addressing political and cultural factors. 
Thus, environmental decision-making requires the evaluation of a much wider range 
of aspects than can be dealt with by scientific analysis alone. Nuclear activities have 
far reaching and direct repercussions for individuals and society at large; hence there 
is a need to bring ethical, environmental and social values into play. These values, 
however, are seldom considered in the current valuation techniques. Thus none of the 
presently available methods. can be recommended as a basis for environmental 
decision-making and as a result many 'analytical approaches' to valuation are highly 
contentious. Furthermore, environmental decision-making commonly involves other 
objectives such as cost, performance, customer requirements, safety, risk and 
regulatory compliance. Thus, there is a need to develop approaches which can use the 
information gathered from the application of an LCA and factor it, with these other 
objectives, into a suitable decision-making procedure, which can also take full 
account of subjective values. In response to these issues, Chapter Five reviews the 
three main processes utilised for the elicitation and inclusion of environmental values 
into decision-making processes: Neo-classical economics (e. g. Cost-Benefit Analysis 
(CBA)), Decision support systems (i. e. Multi-Criteria Analysis (MCA)) and 
deliberative and discursive approaches (e. g. Citizens' Juries & Consensus 
Conferences). On the basis of the review the application of LCA within a decision 
support system environment is demonstrated and evaluated in Chapter Six. 
56 A full discussion on the conceptual, empirical, and practical limitations of valuation is provided by 
Psychologists (e. g. Slovic, 1995), Sociologists (e. g. Fischhoff, 1991), and Philosophers (e. g. Sagoff, 
1998) and reviewed in Chapter Five. 
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3.6.3 Interpretation and Recommendations 
The interpretation element brings together all the information gathered through the 
study, including the significance analysis and the valuation process, in order to draw 
conclusions and make recommendations. The final outcome of this element is very 
much dependant on the goal and scope of the study and for whom the information is 
provided. Normally a set of recommendations is made which will then be used 
further in a wider decision-making process. 
3.7 Summary & Implications 
This chapter'has described"the LCA methodology I which forms an significant 
component of this portfolio. There is consensus within the LCA community about the 
structure'of the LCA framework, 'but only the inventory phase has been fully 
developed. The Impact Assessment and Interpretation stages are still highly 
controversial, and several areas need further research. 
It has been highlighted that some of the main challenges with respect to the 
assessment of radionuclide impact in LCA relate to: the impact assessment of 
radionuclides; radioactive solid waste management; and environmental interventions 
which arise over long tim e! periods: The chapter has also assessed the various impact 
assessment methodologies proposed for"the assessment of radionuclides upon man 
and the environment; and found that a risk based approach is the most comprehensive. 
However, this chapter has also reiterated the arguments raised in Chapter Two 
concerning the valuation of the' environment, and how such valuations should be 
factored'into -a suitably robust 'decision-making 'process which accounts for other 
obj ectives and values. 
Consequently* the remainder of this portfolio addresses these issues. Chapter Four 
demonstrates an application of LCA to determine the life cycle impacts posed by 
various abatement techniques for treating aerial arisings of Carbon-14 from the British 
Nuclear Fuels (BNFL) Sellafield site. Chapter Five reviews the techniques available 
for the elicitation j and inclusion, of environmental values in the decision-making 
process; and Chapter Six investigates the use of LCA information within a MADA 
environment. 
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Chapter 4 
The Carbon-14 (14 C) Life Cycle 
Assessments 
4.1 Introduction 
Within the nuclear industry, 'as highlighted in Chapter Two, the regulation of 
radiological and non-radiological impacts is currently carried out separately, with 
radioactive discharges taking precedence in many decision-making situations. Thus, 
although reductions of radiological environmental impacts may be achieved in the 
foreground system, they are often coupled with unidentified, and in many cases 
unacknowledged, increases in impacts in the background system57. Thus, it could be 
argued that the current regulatory regime for pollution control within the UK does not 
ultimately control pollution because it simply transfers it from one activity to another. 
Furthermore, because the regime fails to account for the entire life cycle it may 
actually increase the overall impact created by activities. In order to fully account for 
the overall impact of activities it is necessary for the nuclear'industry to adopt a life 
cycle based approach to decision-making, which emphasises the presence of both the 
foreground and background system. However, as discussed in chapter three, there are 
numerous questions surrounding radiological impact assessment and the application 
of a LCA. Although a number of methodologies have been developed and proposed 
to address these issues, and fully account for the impacts posed by radionuclide 
species within a life cycle framework, none have been assessed or tested in earnest. 
In response to these issues this chapter demonstrates the application of the LCA 
technique to a nuclear reprocessing BPEO decision problem, that is the abatement of 
Carbon-14 (14 C) arisings on the Sellafield site, and determines the contribution the 
technique can make to practical decision-making with the nuclear industry. The LCA 
identifies the key radiological and non-radiological burdens associated with a number 
57 For an explanation of the foreground and background systems see section 3.2.1. 
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of 14 C abatement scenarios within the Sellafield Thermal Oxide Reprocessing Plant 
(THORP) and MAGNOX58 nuclear fuel reprocessing facilities. The THORP, which 
is already constructed and fully operational, abates the majority of its 14C arisings by 
encapsulating the species within a concrete/stainless steel matrix, which will 
eventually be disposed of within a nuclear repository. However, the overall benefit of 
this abatement technique is questionable because extensive resources are used within 
the encapsulation process. Therefore, this project will also investigate two other 
disposal options: discharge of 14C as a liquid directly to the marine environment, and 
discharge directly, unabated, to the atmosphere 59. Because the THORP is already 
constructed, this assessment will address only the operating burdens posed by each 
scenario. The MAGNOX reprocessing facility, on the other hand, currently 
discharges the majority of its 14C arisings to the marine environment. However, there 
is a proposal to construct a Carbon-14 Removal and Encapsulation plant which would, 
like the THORP, encapsulate 14C within a concrete matrix followed by repository 
disposal. ' Thus, this 
' 
study will address two discharge scenarios; liquid and solid60. 
However, because the facilities for the encapsulation of 14 C have not yet been 
constructed, the burdens associated with both construction and operation in the solid 
encapsulation scenario are addressed. For the marine discharge scenario only 
operating impacts are addressed. This is the first documented application of the LCA 
techniques to a BPEO decision-making situation within the UK nuclear industry and 
the results of the study have been published in Shiels et al. (2002). 
The choice of the 14C species as an example is significant because the majority of the 
controvýrsies that surround the management of the 14C species are generic to the many 
discussions that surround nuclear debates; i. e. should the species be diluted directly 
58 MAGNOX is the name given to the fuel because the solid metal uranium fuel is encased in 
Magnesium alloy cladding which was specifically developed to resist the oxidising effects of the 
carbon dioxide coolant in the nucear reactor. 
5' The direct aerial release of 14C is not technically feasible because the DOG scrubber is responsible 
for the removal of other aerial species (e. g. NOx and Iodine-13 1). Consequently, if the operation of the 
scrubber were discontinued, it is likely that THORP would exceed the statutory limits for these other 
species. However, Scenario One, aerial discharge, is included as a reference 'baseline' case and 
therefore all three scenarios are fully described. 
60 As with the THORP case study the direct aerial release of 14C is not technically feasible because 
MAGNOX caustic scrubber is responsible for the removal of other aerial species (e. g. NOx and Iodine- 
13 1). Consequently, and because the THORP study has already investigated the impacts, posed by a 
direct aerial release only the direct marine and solid encapsulation scenarios are considered. 
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into the environment resulting in low individual risk with no future disposal problems, 
or should the species be captured, a waste repository constructed and maintained, 
resulting in increased operating risks and future risks to those living near the 
repository. However, there are other issues concerning 14 C emissions which make the 
species a highly contentious and politically sensitive issue. There is the matter of the. 
OSPAR agreement, which refers to the Oslo-Paris Commission that adopted a 
Convention in 1992 for the protection of the marine environment of the Northeast 
Atlantic, the North Sea and the Irish Sea. The Commission is concerned with 
reducing and preventing pollution in the marine environment, and the sources of 
pollution from industrial and agricultural processes on land and sea have been the 
subject of OSPAR debate. OSPAR requires continual commitments to work towards 
the reduction of radioactive discharges, with the ultimate aim to reduce by 2020 the 
effect of these discharges upon people towards natural background levels. Several 
countries and anti-nuclear groups like Greenpeace have influenced the 
recommendation that calls for zero discharges to sea for manmade radioactive 
substances and the lowering of natural radionuclide discharges to ambient/background 
levels. As a result the 14C species, because it has a high Becquerel (Bq) discharge 
(but low dose), is subject to the influence of OSPAR and is thus a politically sensitive 
issue. However, calling for 'zero discharges' to the marine environment will in many 
cases result in a shift and/or an increase in environmental burdens at some other stage 
of the life cycle, possibly resulting in an increase in solid radionuclide discharges with 
associated non-radioactive impacts. Tbus the OSPAR agreement has the potential to 
conflict directly with the concepts of BPM and BAT that are fundamental to the 
RSA93 and IPPC/PPC outlined in Chapter Two. 
Finally, another important factor adding to the complexity of the arguments 
surrounding 14 C abatement, and another key driver for this application of the LCA 
techniques; is the lack of consistency within the nuclear sector for treating aerial 
streams of 14C . Each of the three main nuclear reprocessing operators, BNFL, 
Cogema and JNFL, adopt different means of abating 14C originating from their 
nuclear reprocessing plants: 
BNFL's Thermal Oxide Reprocessing Plant (THORP) currently abates all arisings 
of 14 C. Aerial arisings are abated through treatment by a highly efficient caustic 
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scrubber which results in the removal of a majority of 
14C from the aerial stream. 
The liquor from this scrubber is then treated to precipitate out 14 C and encapsulate 
it within a concrete matrix prior to repository disposal. Ironically the MAGNOX 
reprocessing facility, also at the Sellafield site, abates aerial arisings of 
14C 
through caustic scrubbing and discharges the liquor directly to the marine 
environment. Nevertheless, if abatement of 
14C were called for it would, as in the 
THORP, be encapsulated it within a concrete matrix prior to repository disposal 
Cogema also abate their releases of 14C originating from the spent nuclear fuel 
reprocessing plant at La Hague in northern France. Within this plant, 
14C is 
abated by passing aerial arisings through a caustic scrubber. However, although 
abatement technology is in place to abate the aerial arising of 14C, it is not as 
effective as that within THORP, 'due to the higher NOx concentration of the 
effluent stream, and therefore results in a larger aerial discharge. Additionally, 
unlike THORP, the caustic liquor from the scrubber is discharged directly to the 
marine environment (Barlow, 2001). Thus, the overall discharges, but not 
necessarily dose, from the La Hague plant are higher that those from the THORP 
facility. 
JNFVs proposed Rokkasho nuclear fuel reprocessing plant (northern Japan) has 
no plans to abate any arisings of 
14C. It is planned that all arisings of 14C will be 
discharged. to the aerial environment through the plant's main stack (150m 
effective height). Justification for this approach is based on the principle of 
ALARA, due to the species long half-life (5730 years) and resultant issues with 
solid disposal; i. e. some quantity of 14C will inevitably be released from a 
repository. Furthermore, because the Japahese are culturally protective of their 
marine environment, there is little social pressure within Japan to abate the 
release6l. It is predicted that the discharge will result in a dose equivalent of 
0.0074mSv y (JNFL, 1999). 
61 It is presumed that the protective stance by the Japanese towards their seas is a direct result, and 
experience, of previous pollution incidents, such as the Minimata Bay of the 1950s. In Minimata Bay 
inorganic mercury had been discharged from the Chisso chemical factory for fifteen years before the 
first cases of the 'Minimata disease' were recognised in 1953. The assimilative capacity of the marine 
environment was assumed to handle the discharge of inorganic mercury. However, the inorganic 
mercury, which was converted to organic mercury by the action of microbes in the sea sediment, 
subsequently bio-accurnulated in the fish, a local food source, and posed a considerable toxicological 
risk to the human population. By 1983, deaths from the incident had reached 300 and at least 1500 
people were officially recognised to be suffering from 'Minimata disease' (Jackson, 199 6). 
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The THORP plant currently abates arisings of 14 C but to do so, BNFL argues, 
achieves little environmental benefit at an excessive financial cost. This argument is 
used by BNFL to emphasise, that the abatement of 14C originating from the MAGNOX 
reprocessing facility through encapsulation within a concrete matrix is unjustified. 
4.2 Carbon-14 Background 
4.2.1 Carbon-14 62 
Natural 14C, with a half life of 5730 years, is produced by cosmic radiation in the 
upper atmosphere, more than 99% by the neutron activation process' 14 N(n, p) 14 C, and 
about 0.7% from spallation of atmospheric oxygen. The specific activity in air from 
these processes is about 6.1 pCi per g carbon; i. e. 226 Bq per kg C or 1.61ng 14c/kg 
12C. The respective production rates for 14C in the atmosphere have been estimated to 
be in the range from 9.2x 1 05 to lAxI 06 GBq fl. Although very minor isotope effects 
occur (see Section 3-5), 14 C behaves in no way differently from 12C; in particular, it 
participates in the normal organic Carbon Cycle. 
A steep drop in the specific activity of 14C in the atmosphere occurred in the latter part 
of the 19'h and 2& century, due to dilution with carbon dioxide (C02) from the 
burning of fossil fuels. The emissions of carbon dioxide from fossil fuel burning'and 
tropical de-forestation has been estimated at 7 Gt C per year for the period 1980 to 
1989 (Siegenthaler & Sarmiento, 1993), although only the fossil fuels will cause 
dilution of 14C. Prior to significant inputs from nuclear weapons testing and nuclear 
power plant operation, fossil fuel burning and tropical de-forestation are estimated to 
have reduced the 14 C atmospheric activity by 2 to 3% (Suess, 1965). Nevertheless, 
with the onset of atmospheric nuclear- weapons testing, combined with releases from 
nuclear power plant, the average northern hemisphere specific activity reached a peýk 
of approximately 43 0 Bq kg" (2.61 ng 14C/kg 12C) in 1964 prior to the Test Ban Treaty 
of 1963/64. However by the 1970's background levels were decreasing again and in 
1995 the specific activity was -250 Bq kg" Carbon. 
62 Pre se from McDonald (1999). 
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The reaction responsible for forming 14C in nature can also be reproduced in a nuclear 
reactor if certain target materials are present. The principal source of 14C production 
is the neutron activation of the graphite moderator in the reactor core and the neutron 
activation of carbon and oxygen in C02 coolant. Other contributions arise from the 
nitrogen and oxygen due to air ingress, and carbon, nitrogen and oxygen present as 
components or impurities in the fuel cladding and structural materials of the reactor. 
The reactions mentioned above occur widely in the materials of nuclear reactors and 
the coolants, although there are significant differences between reactor types. In the 
fuel itself, 14 C is mainly released during reprocessing where stainless steel fuel 
cladding is leached by hot nitric acid and 14C is volatised asC02in the dissolver off 
gas. In graphite, used as a moderator, much of the 14C will be retained until 
decommissioning. 14C in the fuel cladding may be sentenced to swarf storage and 
disposal. 
The 14 N(n, p) 14C process dominates in all types of reactor. The nitrogen is present as 
an impurity in the fuels and other materials subject to neutron flux. However, 
estimation of the arisings of 14C in reactors is complicated by the uncertainty in the 
levels of nitrogen impurities in the target materials (see section 4.5.2). The target 
materials include not only the fuel and the cladding but also the moderator. In the 
reactor coolant, 14C can be produced by the 13 C(ny) 14 C reaction with the 13C present 
in theC02or by the 14 N(n, p) 14C process from residual nitrogen present in the reactor 
following'incomplete flushing withC02and coolant. Most of the 14C is contained by 
the fuel cladding and is released during decanning and acid dissolution of the fuel. 
Under the acid conditions of the dissolver, 14C is released as C02in the off gas. 
4.2.2 Sellafield & Carbon-14 
Sellafield is BNFL'S largest, and probably best known, nuclear site and is home to 
BNF12s reprocessing and waste management operations. The Sellafield site began 
life in the Second World War as a Royal Ordnance factory manufacturing high 
explosives. At the end of the war Courtaulds bought the site as a textiles factory, but 
the then Prime Minister Clement Attlee had other plans. Atomic bombs had been 
dropped on Nagasaki and Hiroshima and only the Americans had the nuclear 
deterrent; to balance world power, the necessary facilities to produce a British nuclear 
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deterrent were given the go ahead. In September 1947 the Ministry of Supply moved 
onto the Sellafield Site and work began on the construction of two air-cooled reactors. 
By March 1952 these reactors were in operation producing plutonium for military 
purposes. What the Sellafield site consisted of then was two reactors, known as the 
Windscale Piles, distinguished by their massive chimneys. 
In 1952 it was decided to build a commercial sized nuclear power station to harness 
the heat, which in the pile reactors was simply released up'the stacks. Construction of 
the MAGNOX Power Station commenced in 1953 and three years later (1956) Her 
Majesty the Queen opened Reactor I at Calder Hall. Three more reactors followed, 
which operated successfully until 2003. Together they provided enough electricity to 
serve a city of 150,000 people as well as providing a dedicated supply of electricity 
for the Sellafield site. Because of the increase in MAGNOX fuel needing to ýe 
reprocessed the MAGNOX reprocessing plant was built and came on stream in 1964. 
BNFL's flagship plant, the Thermal Oxide Reprocessing Plant (THORP), was 
completed in December 1992 and granted permission to operate in March 1994. 
THORP has the first ten years of operation fully committed, with the scope for 
attracting additional work for up to another six years after that, and possibly beyond. 
In 1994 construction work started on the Sellafield MOx Plant, which is designed to 
produce Mixed Oxide Fuel from recycled uranium and plutonium for use in 
Pressurised Water and Boiling Water Reactors throughout the World. The plant 
underwent uranium commissioning and permission to operate the Plant was given in 
October 2001. 
With current operations on the Sellafield site the key sources of 14 C have been 
identified as MAGNOX reprocessing dissolver off-gas/vessel. ventilation (DOG/VV), 
the Street 3 ventilation system, THORP dissolver off-gas (DOG) and the Calder 
reactors (Figure 4.1). A significant amount of the 14C on the site is currently sent for 
storage and ultimate disposal as solid wastes and, where practicable, aerial streams are 
scrubbed to reduce aerial discharges. 
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Figure 4.1 Schematic Showing Routing of C-14 on the Sellafield Site 
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It is estimated that the total discharge of 14C from the Sellafield site will tend to 
increase the total natural inventory of 14 C by approximately 0.0002% per year, whilst 
the total 12C inventory is increasing at around 200 times that rate (0.04% per year) due 
to fossil fuel usage (Hall, 1998). Additionally the dose from anthropogenic 14C 
sources is small compared to natural sources: for example in 1998, based on global 
collective world dose calculations (see section 3.5.2.3), Sellafield discharged -0.7% 
(99.4 ManSv) of the total Carbon-14 produced naturally over the same period (12- 
18,000 ManSv). The natural carbon-14 inventory gives rise to an annual dose of 
-72,000 ManSv per annum (Hughes, 1999). 
Due to the long half-life of 14C, decay during the storage of the fuel will have a 
negligible effect, such that essentially all of the 14C that is formed within the fuel 
whilst in the reactor will pass into the reprocessing plant. Once in the dissolver, the 
fuel reacts with the moderately concentrated nitric acid where the majority (98%), of 
the carbon is converted to C02 4nd released into the DOG stream. Once in the DOG 
stream, a significant proportion of the C02 is trapped by caustic scrubbing, both in 
THORP and in MAGNOX reprocessing. There was a deliberate design choice to 
remove the isotope at this point in order to avoid dispersion through the remainder of 
the reprocessing process. In MAGNOX reprocessing, some 14C continues through the 
reprocessing cycle and has been identified as the principal contributor to discharges 
via the Street 3 ventilation system. A caustic scrubber for Street 3 commenced 
operations in early 2001 and has been designed to remove 90% of 14C from aerial 
discharges resulting in a liquid effluent discharge to the marine environment. 
4.3 Software and Methodology 
The following LCA study follows the standard LCA methodology described in 
chapter three 
63 
. Non-radiological impacts are assessed using Pira's PEMS 4.7 
software package; f6reground data is site specific whereas background data (e. g. raw 
material manufacture and electricity generation) have been taken directly from the 
PEMS database. Radiological impacts have been assessed using the risk based 
63 The methodology presented in chapter three is that described by the Society of Environmental 
Toxicology and Chemistry (SETAC, 1993) and outlined in the International Organisation for 
Standardisation (ISO) 14040-140043 standards (ISO, 1997-2000). 
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Human and Environmental Irradiation methodologies and the standard Sellafield Site 
Dose Conversion Factors which determine Critical Group and Collective Doses. Both 
of these methodologies are outlined in chapter three; in section 3.5.4.2 and 3.5.4.4, 
respectively. 
4.4 Data Collection and Quality 
Data collection is an important aspect of any study, and decision-makers in all fields 
have instant access to masses of quantitative data to help them formulate their 
decisions. However the qualitative aspects of data used in decision-making need to be 
recognised; too many decisions are based principally onthe quantity, as opposed to 
the quality, of available information (Funtowicz & Ravetz, 1990). It is for this reason. 
that a data quality scheme has been initiated for categorising information in order to 
determine the overall quality of decisions that are based on such information. There 
are a number of techniques available for assessing the quality of data utilised within a 
LCA study - however the most comprehensive is the 'NUSAP' system proposed by 
Funtowicz & Ravetz (1990); described in section 3.2.3. Within Appendices C and D 
there are extensive audit trails relating to the description of the data, its pedigree, the 
date obtained, and it source/origin. However, a brief outline of the data used within 
the study and its quality is presented here. 
4.4.1 Data Age, Geographical and Technical Coverage 
The majority of the foreground data utilised in the THORP study stems from real time 
THORP plant data from the 1998 period. Within the MAGNOX study, since the 
MAGNOX Carbon-14 Removal and Encapsulation Plant is not yet constructed the 
majority of the foreground data utilised in this study stems from the process flow 
diagram (3/BE/1632726) - see Appendix E. The majority of the background data is 
taken from the PEMS 4.7 software programme, or in the case of the MAGNOX study 
from the THORP case study; thus numerous assumptions overlap both studies. 
Where PEMS 4.7 software has been adopted, UK information has been chosen; e. g. 
the electricity fuels mix. 
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4.4.2 Data precision, Completeness and Representativeness 
Within the THORP study it was not possible to measure the variability of the data 
values for each data category. However, data considered to be imprecise or to have 
potential for significant influence on the study results was subjected to further 
analysis/investigation. Completeness of the data was not evaluated; howeverwhere 
data gaps are present they are clearly indicated. Within the MAGNOX study 
Precision, Completeness and Representativeness of data available was not an issue for 
the foreground system as all data was obtained from the process diagram 
(3/BE/1632726). However, for the background system the same issues apply as for 
the THORP case study. Where data gaps exist they are clearly indicated. The 
majority of the background data is collected or derived from literature and LCA 
computer software sources representative of the UK. 
4.4.3 Consistency and Reproducibility 
Data collection and checking was carried out in a consistent manner. The same level 
of review and interrogation was applied to all applications and materials. Data and 
assumptions are clearly stated within this report. While no formal peer review of the 
LCA has been carried out, it is expected that an independent LCA practitioner using 
the same assumptions would arrive at similar results and conclusions. 
4.4.4 Sources of Data 
The sources of data, together with assumptions regarding processes, inputs and 
outputs are presented in full in Appendix C and D, for THORP and MAGNOX 
respectively. 
4.4.5 Uncertainty 
Uncertainties in the information used within this study vary depending upon which 
part of the study is investigated. Nevertheless, the uncertainty of the results overall is 
as low as can be achieved. All areas of uncertainty, defined using the NUSAP 
methodology, are again presented within Appendix C and D, for THORP and 
MAGNOX respectively. 
Through applying the 'NUSAP' data quality assessment scheme it is possible to 
conclude that the majority of the information used in the study was of the highest 
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'Pedigree' (see section 3.2.3 and Table 3.1 specifically). Thus, any decisions made 
using the information are robust. 
4.5 The THORP Carbon-14 Case Study 
4.5.1 The Thermal Oxide Reprocessing Plant (THORP) 
For over 40 years, BNFL has been producing fuel to supply British and overseas 
nuclear power stations for the generation of electricity. However, used fuel can be 
reprocessed and the reclaimed uranium and plutonium used to manufacture Mixed 
Oxide Fuel (MOx); uranium fuel is unique because up to 97% of the original uranium 
in this fuel can be recycled, leaving only 3% as waste. The Sellafield Thermal Oxide 
Reprocessing Plant (THORP) has been designed to reprocess used nuclear fuel from 
many modem reactors (e. g. Pressurised Water Reactors (PWRs), Boiling Water 
Reactors (BWRs), and Advanced Gas-cooled Reactors (AGRs)) using a five stage 
process (refer to Figure 4.2): Feed Ponds; Head End Plant; Chemical Separation Area; 
and Product Finishing Lines. 
4.5. L I Receipt and Storage Facility 
When the fuel arrives, in flasks, it is transferred to THORP where it is stored under 
water in large ponds before reprocessing; the water cools the fuel and also acts as a 
protective shield. against radiation. The flask lids are removed under water, and the 
containers holding the fuel are lifted out. PWR/BWR fuel is held in long steel 
containers known as multi-element bottles (MEBs), while AGR fuel is stored in steel 
boxes. The MEBs are placed into storage racks while the boxes of AGR fuel are 
moved separately. AGR fuel remains in the storage pond until at least three years 
after it has been discharged from the reactor, and PWR/BWR fuel for at least five 
years, to allow short-lived radioactivity to decay. 
4. S. L2 Feed Pond 
In the Feed Pond, the fuel is removed from the bottles and boxes, checked and then 
fed to'the reprocessing plant. In the Feed Pond, purpose built machines open the 
bottles and boxes and remove the PWR/BWR fuel assemblies and cans of AGR fuel. 
These are then placed on a special carriage and elevated up an inclined chute into the 
shear cave. 
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4. S. L3 Head End Plant 
Within Head End, the beginning of reprocessing in THORP, the fuel assemblies and 
cans of AGR fuel are chopped up, dissolved in acid and held ready for Chemical 
Separation. Fuel assemblies and cans of AGR fuel are transferred from the elevator to 
the fuel shear machine, which cuts the fuel into pieces approximately five centimetre 
long. These pieces fall down a chute into one of three steel dissolvers; each contains a 
steel mesh basket which sits in hot nitric acid. After several hours the fuel dissolves 
leaving empty pieces of can behind. The Dissolver Off-Gas (DOG) system treats the 
acid vapours and gases- evolved during the dissolution cycle. The acid solution is 
transferred to a centrifuge, which spins the liquid, and any remaining solids are 
removed. Meanwhile, the basket containing the pieces of can is washed with clean 
nitric acid before being lifted out and checked, to ensure that all the fuel has 
dissolved. The waste pieces of can are tipped into a container, which is sent to the 
Waste Encapsulation Plant (WEP) for treatment and storage. 
4.5. L4 Chem ical Separation A rea 
During chemical separation uranium, plutonium and fission product wastes are 
separated from each other. Pulse columns, long vertical tubes containing a series of 
sieve'plates which are pulsed by injecting a 'slug' of compressed air into the base of 
the column, are used instead of mixer-settlers. The heavier acid liquid flows down the 
column as droplets whilst the lighter organic solvent (a blend of Tri-butyl Phosphate 
and Odourless Kerosene: TBP/OK) flows upward. The diameter of the pulsed 
columns is small, but there are wider top and bottom sections which act as 'settlers' 
for the solvent and aqueous liquids respectively after separation. The primary 
advantage of pulse columns is that the aqueous solution/solvent mixing is very 
efficient giving short contact times and minimum radiolYtic degradation of the organic 
solvent. During the initial phase, the uranium and the plutonium transfer to the 
solvent while the fission product waste remains in the acid and is sent to a storage 
tank prior to specialised treatment in the Vitrification Plant. Plutonium is further 
separated from the uranium by adding an aqueous reductant (uranous nitrate, with a 
valency of four, stabilised by hydrazine), which reduces the Pu4+ to the inextractable 
trivalent state (Pu 3+ ): 
Lý+ + 2pU4+ __. o jj6+ + 2pU3+ (4.1) 
139 
Chapter 4 
The Pu3' transfers into the aqueous phase leaving the U6+ in the solvent. Further 
purification of the uranium and pluto. nium streams is carried out prior to being 
converted into final solid products. 
4.5. L5 Product Finishing and Recycling 
The separated plutonium and uranium extracted during, recycling can both be used to 
manufacture new nuclear fuels. The plutonium 'finishing' process initially involves 
chemically treating the purified plutonium liquid to produce a slurry, which is then 
filtered and dried in a furnace. The resulting powder is placed inside a triple-layered 
stainless steel can ready for storage in a purpose-built vault. The plutonium can either 
be returned to customers as it is, or it can be manufactured into MOx fuel for use in 
conventional nuclear reactors. Once separated from the plutonium, the uranium 
solution is concentrated by evaporation and sprayed into a heated vessel to produce a 
powder. The powder is stored and then packed into stainless steel drums. As with 
plutonium, this uranium can either be returned to customers or manufactured into new 
fuel by BNFL. 
4.5.2 The THORP Carbon-14 System 
The THORP plant is designed such that virtually all the 14C produced during the 
reprocessing of oxide fuel will be released into the Dissolver Off Gas (DOG) 9tream. 
The majority of this (98-99%), is in the form Of C02, with the remainder consisting of 
CO. Once in the DOG system (refer to Figure 4.3), the 14C passes through the acid 
recombination column and the iodine desorber column to the caustic scrubber, where 
it is removed from the gas stream along with iodine and any remaining nitrous oxides. 
As the absorption process uses up the sodium hydroxide, the spent caustic liquor is 
transferred to the 14C plant. This plant operates by reacting scrubber liquor with a 
small excess of barium nitrate solution, which causes the precipitation of barium 
carbonate removing the 14C from the liquor into a solid form. A small excess of 
sodium carbonate is added in order to 'mop up' excess barium present in the liquor to 
prevent barium discharge to sea. The precipitate is then encapsulated as Intermediate 
Level Waste (ILW) by the Sellafield Waste Encapsulation Plant (WEP). 
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Figure 4.2 The THORP Process 
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Figure 4.3 The THORP Carbon-14 Abatement System 
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4.5.3 Derivation of the Functional Unit 
4 It is proposed that the functional unit should relate to the quantity (mass) 01,1 
present in the DOG aerial strearn prior to treatment. However, there are two issues 
concerning the deten-nination of this quantity: those associated with l'ission Product 
Inventory (FISPIN) discrepancies, and those associated with Spent Prc-coat Efflucilt 
Receipt Vessel (SPERV). 
There is no method available to deternline the exact constituents of every spent 
nuclear fuel assembly reprocessed within the THORP. Thus, the quantity of 
radionuclides present in spent nuclear fuel is usually determined using FISPIN. The 
fuel inventory code FISPIN is widely used in the UK nuclear industry for the 
prediction of radionuclide inventories in irradiated nuclear fuel. FISPIN can calculate 
actinide, fission product and activation product inventories for a number ofdIfferent 
reactor types, including Pressurised Water Reactors (PWR's), Boiling Water Reactors 
(BWR's), and Advanced Gas cooled Reactors (AGR's), based on the initial uraniurn 
mass, irradiation, enrichment, reactor rating and cooling time. Validation is 
accomplished by comparing the calculated inventory, using FISPIN, with the 
analytical results from Post Irradiation Examination (PIE) for the same fuel. With 
regard to the quantity of Carbon-14 (14C) in spent nuclear fuel the FISPIN models 
were originally based on a pessimistic design figure of a 25ppm Nitrogen-14 (14 N) 
level in the pre-irradiated fue, 64 . 
However, as this onginal figure was pessimistic, the 
amounts of 14 N in the fuel, and resultantly the amount of 14C in the spent fuel, are 
typically much lower. Consequently, in order to make the study more representative, 
all releases of 14C were accounted for at the point of discharge from the THORP 
facility and surnmed in order to detennine the quantity (mass) of 14C present in the 
original DOG aerial stream prior to treatment (see Table 4.1). As a result of this 
approach, data collection relied upon discharge figures, which were used to back 
calculate the components of, and materials added to, the strearn. However, the 
discharge figures contain very little Infori-nation regarding non-radiological species, 
because stream monitoring focuses upon only a few radiological and non-radiological 
species; i. e. not all stream constituents are measured. Nevertheless, using the figures 
64 The link between Nitrogen-14 (14 N) levels in pre-irradiated fuel and Carbon-14 (14C) levels 
irradiated/spent ffiel is described in section 4.2.1. 
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available from the Carbon-14 Removal and Encapsulation Plant Log Sheets 
(Appendix F), which record the quantity of Barium Nitrate (Ba(N03)2) and Sodium 
Hydroxide (NaOH) used within the plant, it is possible to 'roughly' deten-nine the 
quantity of the stream's major constituents. 
Table 4.1 14C Functional Unit Breakdown for the Encapsulation Scenario 
Discharge Stream Campaign 18 Functional Unit (1000 te) 
Mass 14 C (g) Mass 14C (g) 
Solid 3.359765 16.79883 
Marine (DOG Liquor & LAE to SETP) 0.315076 1.57538 
Aerial (DOG & VV) 0.159 0.795 
Total 3.833841 19.16921 
Another restriction placed upon the study was that it was necessary to isolate a 
particular Waste Encapsulation Plant (WEP) campaign that contained no spent pre- 
coat effluent 65 . The spent pre-coat 
is the spent resin which is used to remove 
particulates (e. g. fuel dust) from the THORP cooling pond water, and whilst it 
contains no significant quantities of 14 C and its production is not associated in any 
way with the levels of 14C present within the spent nuclear fuel, it is transferred from 
the fuel cooling ponds to the WEP, where it is mixed with, and therefore encapsulated 
with, barium carbonate slurries. Thus, if the spent pre-coat was included within the 
study it would give the encapsulation of 14C slurries a disproportionately large 
environment impact; i. e. the spent pre-coat would dilute the 14C slurry increasing its 
volume and subsequent disposal impacts. 
In light of these issues the functional unit for this particular study has been determined 
as the treatment of a DOG aerial stream containing the quantity of 14C that would be 
released from the dissolution of 1000 tonnes of spent BWR uranium fuel (Table 4.1). 
WEP Campaign 18 (covering the period 16/09/98-02/11/98) was chosen as the base 
case as neither it nor Campaign 17 contained any SPERV transfers; therefore it was 
assumed that this would be the most representa 
, 
tive campaign. This WEP campaign 
was then linked to the relevant fuel batch reprocessed within THORP using the 
Carbon-14 Plant Control Log Sheets which indicated that the 14C encapsulated during 
6S Spent Pre-coat Effluent is transferred in the Spent Pre-coat Effluent Receipt Vessel (SPERV) and is 
subsequently commonly referred to as SPERV. 
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WEP campaign 18 correlated with a period when approximately 200 tonnes of BWR 
fuel had been sheared over 47 days; see Appendix G. 
Consequently, this study is concerned with the abatement of -19.17g of 14C 
originating from the dissolution of 1000teU of spent BWR fuel. This is assumed to be 
reflective of standard THORP operations. 
4.5.4 Scenarios Considered and System Boundaries 66 
The majority of 14 C released from the nuclear fuel cycle originates from the 
reprocessing of spent nuclear fuels, and more specifically from the dissolution of fuel 
prior to chemical separation. The THORP Dissolver Off-Gas (DOG) system, at 
present, comprises of seven processes within THORP followed by further treatment 
within the Waste Encapsulation Plant (WEP). . The effluents arising from these 
processes are routed to a variety of effluent plants on the Sellafield site. 
Three scenarios are considered here; however, it is important to outline that of the 
scenarios presented below Scenario Two, marine discharge, and Scenario Three, solid 
encapsulation, are the only feasible options. Scenario One, direct aerial release of 14C, 
could never actually occur, as the cessation of DOG scrubbing is not technically 
feasible as the scrubber is responsible for the removal of other aerial species (e. g. 
NOx and Iodine-131); if the operation of the scrubber were discontinued, it is likely 
that THORP would exceed the statutory limits for these other species. However, 
Scenario One, aerial discharge, is included as a reference case and therefore all three 
scenarios are fully described. 
4.5.4.1 Scenario One: Direct Aerial Discharge 
Within this scenario, shown in Figure 4.4, the off gases from each of the dissolvers 
are initially passed through dedicated updraught condensers. Steam is injected mid- 
condenser during shearing; this condenses and entrains most of the fuel dust particles 
and allows them to be washed back into the dissolver. The off-gases then pass 
through the Acid Recombination Column (ARC) allowing the absorption of nitrogen 
66AII diagrams listed within this section are shaded to represent the foreground (white) and background 
(grey) systems. 
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oxides and removal of residual amounts of fuel dust. This nitric acid is then rc- 
circulated around the columii via the catch tank. This acid is transferred to be used in 
Ilic lodinc Desorption Column. 
The Iodine Desorption Column allows lor iodine to be dcsorbed by the action of a 
counter current air stream within a column parallel to the main dissolver off-gas 
system. The desorbed acid is collected within an acid catch tank and is recycled to the 
process with a contingency route to the HA Evaporator. Gases leaving the iodine 
desorption column join the gases in the dissolver off-gas duct between the acid 
recombination column and the plug flow reactor. The Plug Flow Reactor, which has 
two simple activities (removal of aerosols and oxidation of NO to N02), accepts the 
streams from the acid recombination column and the iodine absorption column and 
routes them to the Weak Acid Column. The Weak Acid Column intercepts the off- 
gases and treats them with chilled re-circulated water to remove entrained droplets 
and dehumidify the gases before filtration via the High Efficiency Particulate (HEPA) 
filters and discharge via the THORP stack. The liquor from the Weak Acid Column 
is re-circulated around the column via a catch tank, which is provided with a water 
bleed. The liquor From the catch tank is transferred to the Salt Free Evaporator (SFE) 
in chemical separation. The DOG stream containing the 14 C is then discharged to the 
aerial environment via a 92.5m stack. 
Figure 4.4 Scenario One: Direct Aerial Discharge 
Aerial 
------ Discharge 
THORP 
4-5.4.2 Scenario Two: Marbie DIveharge 
Scenario Two, see Figure 4.5, is identical to Scenario One with the exception that a 
Caustic Scrubber is added for the treatment of the aerial discharge stream. The 
Caustic Scrubber accepts the stream from the Plug Flow Reactor and routes it, after 
treatment, to the Weak Acid Column. The Caustic Scrubber Column removes 
residual No, and absorbs iodine and C02- Sodium hydroxide is continually circulated 
around the column via a catch tank. There is provision for the injection of CO, into 
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the column to increase the Decontamination Factor of 14C. Spcnt sodium hydroxidc, 
containing 14 C as sodium carbonate, is transferred in batches from tlic catch tank and 
routed through the Low Active Effluent (LAE) treatment plant prior to marine 
discharge. 
Figure 4.5 Scenario Two: Direct Marine Discharge 
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4.5.4.3 Scenario Three: Solid Discharge 
This scenario, see Figure 4.6, is identical to Scenario Two except that the liquor from 
the caustic scrubber is not discharged directly to the marine environment but is treated 
by the Carbon-14 Removal Plant which removes 14C from the dissolver off-gas 
caustic scrubber liquors. Batches of caustic solution from the caustic scrubber catch 
tank are transferred to reaction vessels within the '4C removal cell. Excess barium 
nitrate (Ba(N03)2) solution is added to precipitate 14 C as insoluble barium carbonate 
(Ba, 
-C03). 
This is followed by the addition of a small excess of sodiurn carbonate 
(Na2CO3) in order to 'mop up' excess barium and prevent barium discharges to the 
marine environment. The reactor is gently agitated during the reaction period. The 
contents of the reactor are allowed to settle and the supernate is routed to the 
supernate stock tank. 
147 
Chamer 4 
Figure 4.6 ScenarioThree: Solid Discharge 
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After sampling, to confirm the residual activity, the effluent is sent to the Break 
Pressure Tank for marine discharge. The settled banurn carbonate precipitate and 
residual solution is transferred from the reactor to a decanter for a Further settling 
period. The supernate from tile decanter is recycled to the reactor vessel and tile 
barium carbonate precipitate is transferred via the 14 C slurry metering tank to the 
Head End Mechanical Plant for containensation, and eventual export to the Waste 
Encapsulation Plant (WEP). Unfortunately there is inefficient separation of barium 
carbonate precipitate from the supernate solution, resulting in the subsequent 
carryover of barium iodate on the barium carbonate precipitate taken for 
encapsulation within the Waste Encapsulation Plant (WEp)67 . However, NIREX have 
placed strict limits upon the Iodine-129 (1 29 1) present in ILW and the increased 
carryover of barium iodate poses a problem 61 . The lack of separation efficiency 
within the THORP and the resultant barium iodate concentration in ILW is the 
principal reason why the proposed MAGNOX Carbon-14 Removal and Encapsulation 
Plant would be adopting ultrafiltration technology (see section 4.6-2). 
The WEP is responsible for encapsulating the barium carbonate slurry safely within a 
concrete matnx. The slurry is transferred from THORP Head End Mechanical Plant 
to the WEP plant filling station where the waste slurry is metered into containers. 
This slurry is then mixed with a blend of Blast Furnace Slag (BFS) and Ordinary 
Portland Cement (OPQ blend. A 'sacnficial' carbon steel paddle sweeps the 
container to forin a homogenous mixture; the paddle is ultimately disconnected and 
left in the container. The external surface of the drum is decontaminated before it is 
transferred to the inten-nediate curing station. For the capping operation Pulverised 
Fuel Ash (PFA) OPC blend is used. The resulting encapsulated product is then 
transferred onto a stillage for transfer to Encapsulation Plant I (EPI). Fffluents from 
the plant are routed, depending upon their constituents, to either the Site Ion Exchange 
Plant (SIXEP) or the Seaburn sewer. An aerial discharge of 14C from the 
encapsulation plant also occurs via the WEP stack. 
67 The accepted BPEO for the management of arisings of 
1291 is direct marine discharge. 
68 The limits placed upon 129 1 present in ILW are strict because NIREX assume that when disposed of 
the species become freely mobile within the repository and, due to its very long half-life (1.57L7 
years), has a high probability of extraction; e. g. freshwater borehole for public consumption. 
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4.5.5 Assumptions 
To enable the modelling of the THORP scenarios a number of assumptions have been 
made. In all cases the assumptions made err on the side of caution; i. e. each 
assumption has been made to result in the least environmental impacts for inputs and 
the maximum for outputs, to ensure that overall impacts are not underestimated. For 
example, if information is unavailable on the manufacture of a particular material then 
the manufacture of that particular material will be excluded from the system thereby 
reducing the overall impact of that particular scenario. This has been applied to both 
radiological and non-radiological impacts. 
General: 
* The burdens associated with the manufacture of cement, steel, sodium carbonate, 
hydrogen chloride (HCI), sulphuric acid (H2SO4), and sodium hydroxide (NaOH) 
have been taken directly from the PEMS 4.7 software database. 
* The manufacture of barium nitrate (ýa(N03)2) and aluminiurn sulphate 
(A12(SO4)3), and their resultant impacts, have been excluded from the study, due to 
difficulties in obtaining process data from the manufacturers. Howevei, this is 
unlikely to significantly alter the comparison between the scenarios as it 
represents a small component of the overall inventory. 
9 The construction of any of the plants that operate on the Sellafield site has been 
excluded from this study, because it concerns marginal changes to the operation of 
existing plant. 
The burdens associated with the extraction and treatment of raw water have been 
ignored because these processes (i. e. filtration) entail negligible burdens. 
All electricity utilised within the systems is taken as being 'Electricity UK 
delivered High Voltage' and is taken from the PEMS 4.7 computer software. 
e All burdens associated with the transportation of materials within all scenarios 
have been taken directly from the PEMS 4.7 software database. Furthermore, all 
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transportation, unless otherwise stated, is assumed to be by 'articulated lorry <33 
tonnes on an average road'. 
Dissolver off Gas (DOG) and Carbon-14 Removal Plant: 
* Electricity consumption associated with the THORP Dissolver Off Gas (DOG) 
caustic scrubber and the Carbon-14 Removal Plant have been excluded from the 
systems as specific electricity consumption figures are unavailable for these 
plants. It is recognised that this is a limitation, as it detracts from the non- 
radiological burdens associated with the application of abatement technologies in 
Scenarios Two and Three. Nevertheless, the impact associated with this 
electricity use is known to be small in the overall inventory. 
As outlined in section 4.5.2, there is little information available on some non- 
radiological components of the DOG scrubber liquor. As a result these 
components and their resultant impact are comprehensively addressed in section 
4.5.5.1. 
* The supernate arising from the treatment of 
14C, in Scenario Three, is routed 
directly to the Break Pressure Sea Tanks; i. e. with no treatment prior to discharge. 
The decanter tank within the Carbon-14 Removal Plant, that is used to dispense 
the 14C slurry into the transfer vehicle for transportation to WEP, is only ever half 
emptied. Therefore, the slurry that is produced by the Carbon-14 Removal Plant 
within a specified period is not necessarily the same slurry consequently 
transported to the WEP. 
e Trace quantities of 14 C are also present with the LAE alkali stream from THORP, 
which is sentenced to the Segregated Effluent Treatment Plant (SETP). However, 
the original source of 14C within this stream is unknown (Patch, 2001) and it has 
therefore been excluded from the system under study. 
All calculations relating to the material input and output from the THORP Caustic 
Scrubber and the Carbon-14 Removal Plant have been based on the Carbon-14 
Plant Control Log Sheets (No. 103-118). All figures have been stoichiometrically 
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back-calculated from the quantity of barium nitrate added to the DOG liquor in 
order to determine the quantity of sodium hydroxide, dernineralised water and 
Wastwater69 (raw water) used in the caustic scrubber (see Appendix F). Relating 
the inputs to their specific reactions automatically provides the necessary 
allocation between 14C, 1291 and NOx abatement. 
As outlined in section 4.5.2 there is little non-radiological information available 
on the non-radiological components of the DOG scrubber liquor and its 
environmental impact. This issue is comprehensively addressed in section 4.5.5.1. 
Waste Encapsulation Plant (JVTP): 
o Of the total effluents that are sentenced to the WEP, only the 14 C element of the 
DOG liquor effluent is considered; the other radiological species'present in the 
slurry receipt tanks at the WEP may arise from other sources; e. g. SPERV. 
However, it is impossible to determine the source of these other species and 
therefore allocate them correctly (a breakdown of species present in WEP 
campaign, 18 is presented in Appendix H). Nevertheless, all burdens associated 
with the operation of the WEP process are assumed to relate directly to the 
encapsulation of 14C present within the slurry that originates from the THORP 
Carbon-14 Removal Plant during Campaign 18, although the 14C component of 
the stream, accounts for only 76% of the dose impact (see Appendix H). 
Furthermore, the WEP only removes half of the volume from the slurry receipt 
tanks per encapsulation campaign. Therefore, the slurry encapsulated during 
campaign 18 will not necessarily be that produced by the Carbon-14 Removal 
Plant between the 16/09/98-02/11/98; i. e. slurrie s from various campaigns are 
mixed in the WEP slurry receipt tanks. Due to a lack of plant information there is 
no way that a more appropriate/direct allocation of impacts can be carried out. 
However, after referring to records from the previous encapsulation campaign 
(No. 17) it is found that the total 14C concentration was 5.77x 1011 Bq. This is not 
significantly different from the 5.55xIO" Bq recorded for Campaign 18 utilised 
within this study (see Appendix 1). Consequently, it can be assumed that the use 
of this figure is reasonable. ''' . 
69 Water taken from the Wastwater Lake in West Cumbria. 
152 
Chapter4 
e All burdens associated with the production of Pulverised Fuel Ash (PFA) and 
Blast Furnace Slag (BFS) are ignored, as the materials are waste products from 
other manufacturing processes; i. e. electricity generation and steel manufacture. 
However, the impacts associated with any treatment and transportation of the 
material prior to utilisation have been included. 
* The electricity consumption figure for the. WEP was taken as an average over the 
period from the 15/09/98-21/10/98. This figure has been divided by the total 
drum throughput within the same period to' determine the average electricity 
consumption per drum; it is assumed that each drum requires the same amount of 
electricity. 
An aerial discharge of 14C is suspected to originate from the 'agitation' of liquids 
within the WEP. These aerial releases, however, have been ignored within this 
study as the discharge is negligible (e. g. WEP campaign 18 aerial release = 233.57 
MBq - 0.00142g resulting in a Critical Group Dose of 1.77 nSv). Furthermore, 
the origin of this 14C and the mechanism leading to its release is not fully 
understood, making allocation difficult. 
*A liquid release to the Site Ion Exchange Plant (SIXEP) does occur from the 
WEP. However it has been excluded from this study as the radiological and non- 
radiological constituents of the stream are present in very small concentrations; 
e. g. the most abundant material is zinc at a concentration of 0.61pg/l. 
9 Other effluents do arise from the WEP (e. g. grout washings to the Seaburn 
Sewer). However, the overall impacts posed by these releases are negligible and 
they also pose allocation difficulties. They have therefore been excluded from the 
study. 
DEVA Manufacturing 
The burdens associated with the manufacture of the stainless steel ILW drums 
have been taken directly from 'steel, high alloy' provided by the PEMS 4.7 
software database. Likewise the burdens associated with the manufacture of the 
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carbon steel mixing paddle have been taken from 'steel, plain' provided by the 
PEMS software database. Both, of these -materials originate from a virgin 
resource; i. e. they are manufactured from raw not recycled materials - this is 
reflected in the PEMS software. Conversely, all steel waste originating from the 
manufacturing of ILW drums is recycled and is therefore excluded from the study; 
i. e. the study includes only steel actually incorporated into the drums. 
e The burdens associated with the manufacture of glass bead blast used to smooth 
the ILW drums has been taken as 'glass, 'float, uncoated' from the PEMS 4.7 
software database. It is recognised that this is a very rough approximation, but it 
represents a trivial part of the overall inventory. 
The manufacture and disposal of the ancillary materials, primarily cutting oils and 
detergents; used within the manufacture of ILW drums by DEVA Manufacturing 
have been excluded from this study. This is due to problems in allocating the 
impacts of the numerous (>50), components of the materials that Make up the 
products. Furthermore, it ý is recognised that this represents a trivial part of the 
overall inventory. 
* The transportation of raw materials utilised within DEVA manufacturing has been 
excluded from the system due to difficulties in obtaining information from the 
company relating to suppliers and their location. ' Nevertheless, it is assumed that 
the transportation impacts, in relation to manufacturing impacts, are trivial. 
Repository 
All burdens associated with the construction- and operation of the repository 
(where ultimately the ILW slurry drums will be placed) have been omitted from 
this study. This is due to a lack of available data. Nevertheless, it is expected that 
although the burdens associated with the construction of such a technically 
complex underground facility would be immense the impact that should be 
allocated to the 14 C drums is small. 
Based on figures to 2001 (Table 4.2) WEP produced over 3836 drums of ILW, of 
which the encapsulation of 14 C accounts for only 358 drums (9.3%) of the total 
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repository burden. Furthermore, within this study only 45 drums of ILW are 
produced per 1000 teU fuel; this represents 1.2% of the total number of drums 
currently destined for repository disposal and therefore only 1.2% of the total 
repository burden. The issue of ILW disposal is further complicated due to the 
possibility of waste substitution 70. According to the contracts initially agreed 
between BNFL and their customers, approximately 34% of all ILW is due for 
return to the customer. However, it is as yet unclear which customers will or will 
not accept their waste, making any assumption, and subsequent allocation, on the 
final number of ILW drums (and therefore the quantity of 14 Q destined for 
repository disposal within the UK uncertain. As a result of these issues the 
burdens associated with repository disposal have been excluded from this study-, 
nevertheless, section 4.5.5.1 comments on the mass, volume, and cost of the ILW 
produced are made. 
Table 4.2 ILW Contributions 
ILW Waste Type Quantity (No. Percentage 
Drums) 
Barium Carbonate Drums 358 9.3 
Centrifuge Cake 492 12.8 
THORP Scrap 98 2.6 
Hulls and Ends (LWR and AGR) 2888 75.3 
4.5.6 Non-Radiological Impacts 
The majority of the non-radiological impacts posed by the three scenarios have been 
assessed using the PEMS LCA software. The results are presented in section 4.5.5.1 
followed by a discussion of the key impact in section 4.5.5.2. 
4.5.6.1 Results 
Of the three scenarios described, Scenarios Two and Three (marine discharge and 
solid encapsulation respectively) result in significant non-radiological background 
impacts. Conversely, the 'baseline' Scenario One (direct aerial discharge) entails no 
abatement technology and as a result it poses limited non-radiological impacts. As a 
" The methodology proposed by BNFL for equivalence of their wastes is that of Integrated Toxic 
Potential (ITP), adapted from the Commission of the European Communities radioactive waste 
equivalence recommendations (1990). 
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result'the inventory flows and impacts associated -with Scenario On Ie are not presented 
within tables 4.3 and 4.4. 
Table 4.3 Compressed Inventory Comparing Scenario Two and Three* 
Heading Name Scenario Two Scenario Three Difference 
(Marine Total) (Solid Total) (Three -Two) 
Energy input (MJ) 9.42E+04 6.72E+06 6.63E+06 
Land use (m2a) 3.82E+00 1.18E+04 1.18E+04 
Air 5.57E+03 3.3 1 E+05 3.25E+05 
Biotic reserves O. OOE+00 2.24E+00 2.23E+00 
Fossil reserves 1.65E+03 1.68E+05 1.66E+05 
Inputs from system 1.43E+01- 2.37E+02 2.22E+02 
Mincral rcscrves 2.70E+03 3.5 1 E+04 3.25E+04 
Water in 2.44E+04 'I. 19E+07 1.19E+07 
BOD I. OOE-02 6.90E-01 6-80E-01 
Co 3.37E+00 . 8.52E+O I 8.18E+01 
C02 5.1 OE+03 3.04E+05 2.98E+05 
COD 7. OOE-02 1.70E+00 1.64E+00 
Halides 6.70E-01 6.95E+01 6.88E+01 
Mctals (air) I. OOE-02 1.84E+01 1.84E+01 
NH3 O. OOE+00 1.39E+00 1.39E+00 
NOx 3.26E+01 7.77E+02 7.44E+02 
Other (air) O. OOE+00 5.67E+00 5.67E+00 
S02 4.47E+01 2.87E+03 2.82E+03 
Toxic subst O. OOE+00 O. OOE+00 O. OOE+00 
TSP 1.40E+01 1.5 1 E+03 1.49E+03 
VOC 2.95E+01 1.24E+03 1.2 1 E+03 
Metals (water) 1.92E+01 1.47E+03 1.45E+03 
Non metals (water) 1.49E+02 3A2E+03 3.27E+03 
Organic (water) 4. OOE-02 2.25E+01 2.25E+01 
Unspecified (water) 5.66E+00 2.3 1 E+02 2.25E+02 
Water out 2.65E+04 1.2 1 E+07 1.20E+07 
Oils O. OOE+00 1.90E-01 1.90E-01 
Open loop outputs , I. OIE+00 7.12E+01 7.02E+01 
Solid waste" 3.3 1 E+02 5.13E+02 1.82E+02 
Landfill (dm3)' 1.06E+02 1.85E+02 7.92E+01 
Radioactivity' (kBq) 1.26E+04 2.68E+08 2.68E+08 
* All figures relate only to the background system, are rounded to three significant figures due to uncertainty and 
relate to the functional unit (kg unless otherwise stated). 
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Table 4.4 Problem Orientated Impact Assessment (PENIS 4.7 Default)* 
Heading Name Marine Total 
(Scenario Two) 
Solid Total 
(Scenario Three) 
Difference 
(Three - Two) 
Extracted Energy (MJ) 9.42E+04 6.72E+06 6.63E+06 
Abiotic depletion (kg Oil eq. ) 1.02E+03 1.9 1 E+06 1.91E+06 
Global Warming (kg C02 eq. ) 5.11 E+03 3.36E+05 3.3 1 E+05 
Acidification (kg S02 eq. ) 1.07E+02 3.52E+03 3.4 1 E+03 
Ecotoxicity (kg Cr eq. ) 6.30E-01 1.50E+O I 1.44E+01 
Rutrification (kg P04 eq. ) 4.25E+00 2.2 1 E+02 2.16E+02 
Odour (kg N113 eq. ) LOOE-0 I 1.44E+03 1.44E+03 
Ozone depletion (kg CFC II eq. ) O. OOE+00 6. OOE-02 6. OOE-02 
Summer Smog (kg ethene eq. ) I. IIE+01 7.72E+01 6.6 1 E+O I 
Summer Smog (kg NOx) 3.26E+O I 7.74E+02 7.4 1 E+02 
Winter Smog (kg dust eq. ) 5.87E+01 4.36E+03 4.30E+03 
Carcinogenic (kg PAH eq. ) O. OOE+00 1.70E-01 1.70E-01 
Heavy metals (kg Pb eq. ) 3.20E-0 I 6.54E+00 6.22E+00 
Traffic (km Traveled) 9.09E+O 1 1.5 1 E+03 1.42E+03 
* All figures relate only to the background system, are rounded to three significant figures due to uncertainty and 
rclate to the functional unit (kg unless otherwise stated). 
Although LCA software has been utilised in this study for the assessment of the 
majority of non-radiological impacts, there are impacts that cannot be assessed using 
the programme. This is due to one of two reasons; there are instances where the 
software does not provide for the inclusion of some species, e. g. a chemical 
compound; and, in other cases, relevant information about a system may not be 
available. Fortunately, however, these factors have only impacted upon two stages of 
this study. The first case arose within Scenario Two, marine discharge, and 
concerned the non-radiological impact posed by the release of the DOG scrubber 
liquor directly to the marine environment: no information, other than the quantity of 
14C, was available on the composition of the stream as levels of the other species are 
not measured. The second instance was within Scenario Three, solid encapsulation, 
and relates to the non-radiological impact posed by the release of the supernate from 
the Carbon-14 Removal Plant to the marine environment: other than the 14C and 
barium present in the stream, there was no information about its composition, making 
it is impossible to determine the total impact of the release. Nevertheless, it is 
expected that this will have limited influence on the scenarios as it is a comparative 
study and the impacts associated with the marine discharge in each scenario are 
expected to be similar; apart from the presence of barium in Scenario Three, solid 
encapsulation. Thus, it is expected that the inclusion or exclusion of these streams 
will have little overall impact on the outcome of the study. This is reinforced when 
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MAGNOX marine discharges are investigated'- see section 4.6-5.1'-'which shows that 
the marine discharges of filtrate permeates associated with the Carbon-14 Removal 
and Encapsulation Plant, Scenario, Three, are essentially the same as direct marine 
release of the DOG scrubber liquor, Scenario Two. 
The discharge of barium 71 is associated purely with the operation of the Carbon-14 
Removal Plant and is only applicableto Scenario Three. Within camPaign, 18, a total 
of 7.64 kg of barium was discharged to the marine environment. Using the functional 
unit (1000 tonnes BWR fuel) this. would increase to138.2 kg; this is reflective of a 
standard operating year. Using the standard Sellafield marine discharge model the 
manne concentration has been calculated as: 
Marine concentration Discharge (Rg) 
In Pipe Dilution x Marine Mixing Zone Dilution 
Discharge (gg) 
2 3.4x I 09xl-70xlO 
Discharge (jig) 
5.78xl0l" 
0.066[tg/l 
The ecotoxicity of barium, according to Croners 
1(2003), 
is rated as moderate/low (10- 
100 mg/1) forflish; mammals are significantly more sensitive to barium (1-10 mg/1) 
and the material has a low bioaccumulation potential. Thus, it is possible to conclude 
that the environmental concentration resulting from the discharge of Carbon-14 
Removal Plant supernate, Scenario Three, is well within the ecotoxicity levels for fish 
and mammalian organisms and poses negligible impact. 
Scenario Three, solid encapsulation, also results in the production of 45 (9 drums per 
200 tonnes fuel throughput based on Campaign 18 figures) Intermediate Level Waste 
(ILW) drums. This waste is temporarily stored on the Sellafield site; within 
Encapsulated Product Store I (EPI), awaiting controlled repository disposal. 
Nevertheless, the impact posed by the disposal of these drums has not been assessed 
(see repository assumptions, section 4.5.4). 
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However, each drum of ILW has a mass of approximately, 1170 kg, a volume of 0.56 
m3, and costs -E50, OOO to produce. Thus, treating 19.16g of 14C (the consequence of 
reprocessing 1000 tonnes of BWR fuel and the functional unit for this study) result in 
the generation of 52.65 tonnes of ILW with a volume of 25.2 m3 and a production cost 
of -L2.25 million. However, this money would not be saved if the operations 
associated with 14 C encapsulation were ceased. This is because the lifetime cost of 
the plant (i. e. the predicted cost of plant from construction through to 
decommissioning) are split almost equally between capitals costs and operational 
costs - 90% of the operating costs are fixed and are not affected by the WEP's 
throughput. Thus, only the remaining 10% of the operating costs can be reclaimed 
and as a result the actual saving made through not encapsulating the barium slurry 
(i. e. adopting Option One or Two) is -L2500 per drum, an actual cost saving of 
-; E 160,000 per annum. 
4.5.6.2 Discussion 
On the results presented in Section 4.5.5.1 a number of points with regard to the size 
and source of the material flows, and their resultant impact, within the scenarios 
considered can be made. 
Within the marine discharge scenario the majority of the material flows are associated 
with the manufacture of sodium hydroxide and its transportation. However, some 
other material flows do arise, for example, from the manufacture of sulphuric acid, 
which accounts for the majority of the biotic reserve depletion, whereas the 
background radioactive discharges arise principally from electricity generation. 
Overall, however, the quantity of materials used and produced within Scenario Two, 
marine discharge, are small when compared with Scenario Three, solid encapsulation. 
The solid encapsulation of 14C results in significantly more environmental burdens 
than Scenario Two in all categories; Table 4.3. For example the system consumes 6.6 
TJ of energy, 166.3 tonnes of fossil reserves, 32.5 tonnes of mineral reserves and 
produces 33 1.1 tonnes of C02 (equivalent) and 0.27 TBq of radioactivity more than 
the marine discharge scenario per 1000 teU reprocessed. The radioactive discharge 
" Which is excluded from the results in Tables 4.3 and 4.4. 
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(0.27 TBq) arises purely from the background system and is directly related to two 
key processes; the generation of electricity, which is consumed by the WEP (86%), 
and the manufacture of stainless steel, for the production of the ILW drums (12%). 
The release of radioactivity associated with electrical generation is predominately 
from the generation of electricity by nuclear power within the UK fuel mix (Table 
4.5); 98% of electrical generation's aerial releases stem from Krypton 85 (8 5 Kr) and 
Radon 222 ( 222 Rn) whereas the majority (-95%) of the radioactive releases to water 
resulting from electrical generation stem from tritium (3 H) releases 72 . 
The production 
of stainless steel also results in the release of radionuclides, although their exact 
source in the steel system is unclear. Nevertheless, the most likely sources are either 
steel sintering - the release of radionuclides, predominately Polonium 210 (2 
'('Po) and 
Lead 2 10 ( 210 Pb), from steel manufacture is well documented (Harvey, 1999) - or 
electrical generation (steel manufacture is a highly electricity intensive process (e. g. 
operation of an electric arc furnace). 
Table 4.5 UK Fuel Mix (adapted from PENIS 4.7 Database) 
Country Percenta ge (%) Contribution 
Nuclear Hydro Hard 
Coal 
Brown Heavy 
Coal Fuel Oil 
Natural 
Gas 
Other 
Denniark 3.0 90.1 3.6 2.5 0.7 
France 73.9 14.9 7.1 1.2 2.1 0.7 0.2 
OECD Europe 31.9 19.2 25.0 7.3 9.1 6.5 1.1 
Portugal 15.7 34.6 46.9 3.0 
UK 24.1 2.0 62.2 8.5 2.7 0.4 
Vaiiafions in burning fuel efficiencies have not been taken into account. 
Western European average efficiencics have been taken. 
Interestingly, on running the solid encapsulation model (i. e. Scenario Three) with 
different background electricity production systems the relative contribution of these 
two activities to the total radionuclide inventory category varies. For example if the 
OECD European fuel mix is used, to which nuclear energy contributes 31%, the 
relative contributions of electricity use and high alloy steel manufacture to the 
radionuclide category are 90% and 9% of the total (0.36 Tl3q), respectively. 
Therefore, in contrast to when the UK energy system is used, the generation of 
electricity contributes 4% more to the radionuclide category, whereas the manufacture 
of alloy steel's contribution is reduced by 3%. Conversely, when the Danish electrical 
72 All figures taken from Nichols, P. & Sturges, M. 1996. 
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energy system mix is used, which is non-nuclear, for the background system 
electricity supply, the relative contributions of electricity use and high alloy steel 
manufacture are 0% and 92%, respectively, of the total (0.036 TBq). Thus, not only 
do variations in the energy mix affect the overall radiological burden of the scenarios 
considered they also affect the relative contributions of the electrical generation and 
steel manufacturing activities to the total radioactivity figures. However, it is 
important to emphasis that within the range of the energy systems considered, 
although the total radiological contribution arising from the background system 
differs by a factor of 10 between the OECD and the Danish systems, there is very 
little significance in the total radiological burden arising from the background system 
when compared, in terrns of Bq, to that arising from the foreground system. The other 
manufacturing and transportation activities associated with the scenarios make up the 
small remainder of the radionuclide contribution regardless of the energy system used. 
Figure 4.7 Relative Contribution of Environmental impact Scenarios 
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Fossil reserves, carbon dioxide, carbon monoxide, chemical oxygen demand (COD), 
halides, metals (to air), ammonia (NHA oxides of nitrogen (NOx), other (to air), 
volatile organic compounds (VOC), metals (to water), non-metals (to water), organic 
(to water), unspecified (to water), water out and oils emissions also reflect this trend; 
i. e. electricity generation is the largest contribution to each category. However, the 
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majority of the toxic substances, sulphur dioxides (S02) and biological oxygen 
demand (BOD) arise from the manufacture of steel, whereas Total Suspended 
Particulate (TSP) originates from three sources: ' cement manufacture, electricity 
generation'for WEP and steel manufacture, respectively. Glass to landfill and the 
manufacture of sodium hydroxide result in the greatest contribution to solid waste and 
therefore landfill impacts in the background system. 
The Impact Assessment results (Table 4.4 & Figure 4.7) essentially mirror those 
presented at the inventory stage, -as Scenario Three, solid encapsulation, results in 
much larger burdens than Scenario Two, 'marine discharge, in all categories. Again 
the majority Of the burdens (Extracted Energy, Global Warming, Ecotoxicity, 
Nutrification, Odour, Ozone depletion, Summer Smog, Carcinogenic, Heavy metals) 
are significantly higher within Scenario Three, solid encapsulation. This is primarily 
due to the majority of the impacts stemming from the electricity generated for 
consumption by the WEP plant. The impact of steel manufacture is the second largest 
overall contributor to impacts but its burden is considerably smaller than the WEP 
electricity contribution. The majority of the Abiotic Depletion and the Winter Smog 
burden is associated with the manufacture of steel. However, the impacts from 
Acidification stem equally from both steel manufacture and the WEP's electricity 
consumption. The transportation of "Blast Furnace Slag (BFS) is the largest 
contributor to the transport impact category (Traffic). 
Within Scenario Two, marine discharge, the same is true in that the impact assessment 
results reflect ' 
the inventory data. 
' 
The majority of the impacts (Extracted Energy, 
Abiotic depletion, Global Warming, Acidification, Ecotoxicity, Nutrification, 
Summer Smog, winter Smog and Heavy metals) are associated with the manufacture 
of caustic soda; an energy intensive 'process. The odour impact is primarily from the 
transportation of sodium hydroxide and the generation of electricity whereas Ozone 
Depletion, Carcinogenic and Traffic impact arise mainly from the transportation of 
sodium hydroxide. 
The encapsulation of 14C within this study also results in the production of 45 drums 
of ILW in the foreground system. This, waste has a mass of 52.65 tonnes, a volume of 
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25.2 m3 and a production cost of E2.25 million. These mass and volume figures are 
excluded from those presented in Tables 4.3 and 4.4. 
4.5.7 Radiological Impacts 
The radiological impacts posed by the three scenarios have been assessed using the 
Human and Environmental Irradiation and the Sellafield Site-specific dose conversion 
methodologies. The results are summarised in Tables 4.6 - 4.11 under the following 
headings: Scenario One (A): Aerial discharge of 14C; Scenario Two (M): Marine 
discharge of 14C; and Scenario Three (S): Encapsulation of 14C73 . However, 
it is 
important to point out that the figures presented here do not account for the 
radiological impacts associated with activities that occur in the background system of 
the scenarios presented in sections 4.5.5.1 and 4.5.5.2; e. g. electricity generation and 
steel manufacturing. Furthermore, although the Bq discharge figures associated with 
each of the scenarios are presented in Table 4.3, it is impossible to determine the 
potential dose impact of these discharges because of a lack of information on the 
species released, their release points (e. g. location), and the medium to which they are 
emitted (e. g. aerial, liquid or solid). Nevertheless, as mentioned previously, it is 
assumed, based purely on the Bq figures provided, that the overall impact would be 
less than that posed by the foreground system; i. e. the foreground release from 
THORP is 3.16 TBq (Table 4.3) whereas background release, from electricity 
generation and steel production, is 0.27 TBq (Table 4.8). 
4.5.7.1 Risk Based Methodology Results: 
The impacts calculated using the Human Irradiation Methodology relate to the annual 
potential risk of a detrimental health effect as a result of radiation exposure due to the 
waste or emission in question. Consequently, the results in Table 4.6, shown 
graphically in Figure 4.8, describe the potential impact posed by the release of 
radionuclides to a variety of media based on the methodology proposed by Solberg- 
Johansen (1998); see section 3.5.4.4. However, the impacts presented are only 
potential impacts; the methodology can only be used for comparative assessments 
between the various discharge scenarios. 
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The results show that Scenario One (Aerial) results in tile lowest overall impact, 
although this involves the direct release of 14C to tile atmosphere, whereas Scenario 
Two (Marine) results in the largest impact. Scenario Three (Solid) results in an 
impact that is slightly greater than Scenario One, and is of the same order of 
magnitude. 
Table 4.6 Human Irradiation Results 
Impact Scenario 
One (A) Two (M) Three (S) 
Solid Impact 6.6251--l-15 
Marine Impact 8.093E-05 6.940E-06 
Aerial Impact 4.895L-06 2.029E-07 2.029F-07 
Total 4.895E-06 8.113E-05 7.143E-06 
These results are interesting because they conflict with current general assumptions 
regarding the discharge of radiological species; i. e. it is usually assumed that an aerial 
release will result in the greatest impact, followed by a liquid discharge, followed by 
solid. However, the majority of the impact associated with Scenario Three (Solid) 
results frorn the marine release of 14C in this scenario; i. e. solid disposal and aerial 
discharge represent small contributions to tile overall radiological impact of this 
scenario. In light of these findings this issue is further discussed in section 4.5.7.3. 
Figure 4.8 Human Irradiation Radiolomical Risk 
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73 , Blanks' within these tables indicate that no result is expected, as there is no discharge to that 
medium. However, a 'No Result' indicates that although there has been a discharge to that medfuln 
(aerial/liquid/solid) a result could not be calculated due to methodological limitations. 
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As outlined in section 3.5.4.5 the Envi roil mental Irradiation (El) results (Table 4.7) 
can only be utilised as a screening method to determine the potentially harniful 
concentrations released to the environment and are not necessarily related to toxic 
cfI'Ccts. 
Table 4.7 Environmental Irradiation 
Impact Scenario 
One (A) Two (M) Three (S) 
Solid Impact No Result 
Marine Inipact 1.166E4 00 9.997E-02 
Aerial Impact No result No result No result 
Total No result 1.166E+00 9.997E-02 
These results illustrate how the assessment of potential environmental impacts may 
differ from human impacts. Unfortunately aerial impacts cannot be calculated within 
the El methodology for the majority of species (except for a few noble gases; e. g. 
39 Ar, 81 Kr and 85 Kr) as conversion factors are unavailable for gaseous discharges. 
Furthermore, the environmental impact of 14C when disposed of as a solid waste can 
also not be assessed using the Environmental Irradiation methodology because of 
methodological limitations; i. e. there is no figure available for solid 14C impact 
determination. Thus, the Environmental Irradiation methodology within the context 
of this LCA is restricted to the assessment of direct discharges to water. 
4.5.7.2 Dose Based Metliodologv Results: 
The impact of radiological discharges associated with the three scenarios has also 
been calculated in terms of radiological dose for both the critical and collective 
groups. However, as explained in section 3.5.4.2, the critical and collective dose 
methodologies can only calculate the impact posed by direct discharges; i. e. impacts 
cannot be calculated for a solid discharge. 
Critical Group Dose (CGD). - 
The following Critical Group Dose (CGD) information, shown graphically in Figure 
4.9, has been calculated using the worst case Long Terrn Aerial Discharge Release 
Ratios (LADRRs) and Manine Direct Release Ratios (results are presented a Sv y-1 per 
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TBq y-1). These models have been chosen as they represent tile highest impact per 
unit discharge; i. e. they arc the most pessimistic models available. 
Table 4.8 Critical Group Dose Associated with Scenarios 1,2 and 3 
Impact Discharge (TBq) Dose (microSv) 
One (A) Two (M) Three (S) One (A) Two (M) Three (S) 
Solid 2.772 No Result 
Liquid 3.032 0.260 0,734 0.063 
Aerial 3.163 1.312E-01 1.311 E-O 1 4.144 0.172 0.172 
I'Otal 3.163 3.163 3.163 4.144 0.906 0.235 
Figure 4.9 Critical Group Dose Results 
E3 Solid 
4.5 
4 
3ý5 
3 
Z5 
z 
a 1.5 
1 
0.5 
0 
Aerial kelcase, 
The Collective Dose: 
C) Liquid 1: 1 Aerial 0 Total 
Marine RAease Solid Pblease 
Scenarios 
The following tables (4.9-4.11) show the UK, European and the World Collective 
Dose, which has been calculated using the collective dose commitment (manSv per 
Bq discharged, integrated to 500 years) for atmospheric and liquid discharges. 
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Table 4.9 Collective Doses to the UK 
Impact Discharge (TBq) 
One (A) Two (M) Three (S) One (A) 
Dose (manSv 
Two (M) 
) 
Three (S) 
Solid 2.772 No Rcsult 
Liquid 3.032 0.260 7.28E-01 6.24E-02 
Aerial 3.163 1.312E-01 1.311 E-0 I 6.96E-0 I 2.99E-02 2.89F-02 
Total 3.163 3.163 3.163 6.96E-01 7.57E-01 9.12E-02 
Table 4.10 Collective Dose to Europe 
Impact Discharge (TBq) 
One (A) Two (M) Three (S) One (A) 
Dose (manSv 
Two (M) 
) 
Three (S) 
Solid 2.772 No Result 
Liquid 3.032 0.260 2.70E+00 2.3 1 E-0 I 
Aerial 3.163 1.3121---Ol 1.311 E-0 I 6.26E+00 2.60E-0 1 2.60E-O 1 
Total 3.163 3.163 3.163 6.26E+00 2.96E+00 4.91 E-0 I 
Table 4.11 Collective Dose to the World 
Impact Discharge ( 
nn, n IAI 
TBq) Dose (manSv ) 
Solid 2.772 No Result 
Liquid 3.032 0.260 3.64E+01 3.12E+00 
Aerial 3.163 1.312E-01 1.311 E-0 1 5. 
-691. 
+Ol 2.36Fi 00 2.36E-+ 00 
Total 3.163 3.163 3.163 5.69E+01 3.87E+01 5.48E+00 
The Sellafield site specific dose models applied are the most accurate dose prediction 
models currently available for the assessment of radiological discharges from the 
Sellafield site; and the radiological impacts presented are interesting. Initially, 
however, there is a need to question the environmental detriment associated with the 
small quantities of 14C investigated (19.16g per 1000 tonnes BWR fuel). If 
discharged to the aerial environment from THORP, this quantity of 14C would result 
in, using a worst case scenario, a Critical Group Dose of 4.14 pSv; i. e. 0.16% of 
background levels (2600 mSv). This is not a significant impact; for example, the 
annual release of 14C from crematona in the UK is more than double this figure; 
approximately 42g. Furthermore, the aerial release of radioactivity from UK 
crematoria is expected to have a much larger Critical Group Dose because many UK 
crematoria are located in residential areas, have lower stack heights, and have little if 
any radiological abatement equipment. Additionally JNFL, and it would appear the 
general public of Japan, do not see the abatement of aerial arisings of 14 C as an issue 
for their proposed Rokkasho nuclear reprocessing plant even though the release will 
result in a Critical Group Dose of 7.4 pSv. Howcver, the direct aerial release of 14C 
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as an option is unacceptable, as it is currently technical unfeasible (see section 4.5.3) 
and will not be discussed further here. 
The difference in radiological impact posed by the remaining two scenarios is small. 
For example if a shift from Scenario Three (solid encapsulation; current practice) to 
Scenario Two (marine discharge; a technically feasible option) was realised it would 
results in only a 0.6703 pSv per annurn increase in CGD. This is equivalent to 
0.025% of the background radiation dose level (2600 [tSv); for comparison, this dose 
could be obtained by an individual co 
' 
nsuming Bg of brazil nuts, flying 63 miles on a 
4 standard commercial flight or receiving 3.3% of a chest X-Ray' . 
Furthermore, it is also worth considering that the CGD dose associated with the 
Scenario Three, solid encapsulation, is unlikely to be zero; some small amount of 14C 
will eyentually escape from the, - repository due to its long half life (5730 years). 
However numerous, uncertainties surround such a potential release: at what point in 
time will a release be made?; what quantity of material will be released?; and, to 
which medium will the'release be made? These make the actual impact impossible to 
quantify - whereas assessment of solid waste disposal is possible with the risk based 
methodology. Nevertheless, it is expected that such a release will occur and this will 
to some extent increase the radiological impact of Scenario Three, solid 
encapsulation, and thus reduce the'difference in impact between this scenario and 
Scenario Two, marine discharge. Ho, ýever, as expected, the risk associated with 
I Scenario Three, solid, encapsulation, is very low (see Table 4.5). 
Interestingly, the Collective Group Dose results (Tables 4.8-4.10) show anomalous 
behaviour, dependant upon whether the UK, European or World models are used; as a 
result the models are investigated further in section 4.5.7.3. However, the Collective 
Group impact resulting from the release of 14C within any of the three scenarios is 
74 Brazil nuts are slightly radioactive because they grow on monazite sands, which commonly contain 
about 6% thorium and 0.3% uranium (i. e. alpha radiation), whereas flying at high altitude exposes you 
to a higher rate of ' 
irradiation from cosmic rays (i. e. gamma radiation). The author is well aware of the 
risk communication controversies that surround such risk comparisons (e. g. the voluntary aspect of risk 
exposure; see Chapter Five) and they are expressed here purely to emphasis that the risk posed by such 
releases is small. 
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negligible. The World Collective Group Dose originating from the natural inventory 
of 14C (usually generated by cosmic radiation interaction with nitrogen (14 N) in the 
upper atmosphere) is approximately 72000 ManSv per annum. Therefore, the 
maximum possible release from the THORP, assuming an aerial release of all 14C 
based on the figures utilised in this study, would have a negligible impact; only 57 
ManSv (0.08% of the World total). Incidentally, Scenario Two, marine discharge, 
and Scenario Three, solid'encapsulation result in a World Collective Group Dose of 
38 ManSv (0.053%) and 5.5 ManSv (0.0076%) respectively. 
4.5.7.3 Comparison ofRadiological Impact Methodologies 
The most surprising outcome of this LCA has been that the different approaches to 
radiological impact assessment have produced different ranking of results (Table 
4.12). 
Table 4.12 Ranking of Impact for Various Radiological Methodologies 
Scenario One (Aerial) Two (Marine) Three (Solid) 
Ranking 
Risk Based Methodology: 
Human Irradiation (HI) 3 1 2 
Environmental Irradiation (IR) N/a N/a N/a 
Dose Based MethodoIogy: 
Critical Group Dose (CGD) 1 2 3 
Collective Group Dose (UK) 2 1 3 
Collective Group Dose (EU) 1 2 3 
Collective Grout) Dose (World) 1 2 3 
I= largest impact, 3= lowest. 
It is generally accepted, per unit discharge, that a release of 14C to the marine 
environment will result in a lower radiological impact than an aerial release (due to 
increased dilution of the species in the marine environment and the reduced number of 
possible pathways to receptors). Solid disposal is usually accepted to have the lowest 
overall radiological impact. This thesis is reflected in the majority of the radiological 
impact models applied within this study. However, the Human Irradiation results 
completely contradict such an thesis suggesting that marine release results in the 
highest impact, followed by solid disposal and then aerial. Interestingly, the majority 
of the impact associated with Scenario Three (Solid) results from the marine 
discharges acting as a significant contributor to the overall impact of the scenario. 
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Furthermore, the UK Collective Dose methodology suggests a similar trend; i. e. a 
marine discharge results in a greater impact than an aerial release per unit discharge. 
Unfortunately the Collective Dose methodologies are unable to account for the 
impacts posed by solid waste disposal. 
Table 4.13 Aerial Release Pass Dose Rates 
Aerial Release (Stack height 100 m) UK EU World 
75 
First Pass Dose 1.3E-13 7.8E-13 7.8E-13 
Global Circulation Dose 9.5E-14 1.2E-12 1.7E-1 I 
Total 2.213-13 2. OE-12 1.8E-1 I 
Collective dose factors (manSv per, Bq discharged) for the Sellafield site with an integration time of 500yrs. 
Table 4.14 Marine Release Pass Dose Rates 
Marine Release UK EU World 
First Pass Dose 1.8E-13 5. IE-13 6.5E-13 
Global Circulation Dose 6. OE-14 3.8E-13 LIE-11 
jotal 2AE-13 8.9E-13 1.2E- II 
Collective dose factors (manSv per Bq discharged) for the Sellafield site with an integration time of 500yrs. 
The reason for the collective dose anomaly (which is assumed to be the same reason 
for the anomaly in the Human Irradiation model) is because collective doses comprise 
of two separate components, the non-global component, which arises only from the 
'first pass' of the radionuclide, and the 'global' component which arises only from 
radionuclides that have become globally dispersed (Tables 4.13 & 4.14). Some 
radionuclides, owing to the magnitude of their radioactive half-lives and their 
behaviour in the environment, may become globally dispersed and act as a long term 
source of irradiation of both regional and world populations; this is in addition to the 
irradiation of the population exposed during 'the initial dispersion of these 
radionuclides from their points, of discharge. The radionuclides which are important 
in this context are krypton-85, tritium, iodine-129 and carbon-14 with half lives of 
10.72,12.3ý, 1.15xlO' and 5730 years, respectively (Smith, '2003). Furthermore, the 
nature of the radiation emitted by 14C means that the external dose is not important in 
relation to that resultingfirom the incorporation of the radionuclide into the body 
75 The collective dose discharge model'(PC CREAM) ignores the 'first pass' dose for the world 
population due to the excessive * calculations 
involved. Consequently, the model takes the EU first pass dose for the world and adds the global circulation dose for the world population. 
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(Simmonds ct al., 1995)76. Furthermore, the intake of carbon by man is assumed to 
arise entirely from ingestion, because most , carbon dioxide (C02) inhaled is 
subsequently exhaled. The principle dose pathways to man are via foodchains: the 
process of incorporation is first by photosynthesis into plants and from there either 
indirectly or directly into human food chains; the most important route is via the 
consumption of milk, which accounts for 48% of the total 14 C dose to adults (Otlet et 
al., 1996). 
Taking these factors into account, it appears that the marine UK collective dose is 
higher because of the relatively high 'first pass dose' (see Tables 4.13 and 4.14), 
where seafood is caught from local compartments close to the discharge point. This is 
because there is a considerable delay before the release will become uniformly 
distributed throughout the oceans of the Northern Hemisphere resulting in a higher 
impact upon the source discharge area; i. e. the UK (Parker, 2003). Conversely, the 
aerial discharge of 14C is rapidly diffused within the UK resulting in a relatively low 
'first pass dose'. However, as the species is dispersed the availability of the marine 
14C is reduced as it is incorporated into the oceans, resulting in a lower 'global 
circulation dose', whereas the aerial discharge is freely available in the atmosphere 
and subsequently contributes to a larger 'global circulation dose'. Thus, whereas the 
aerial collective dose rates are higher for the EU and World impacts the opposite is 
true for the UK and resultantly the marine 'first pass dose' and 'total' dose factors are 
larger. However, it is important to recognise that collective dose calculations in 
general, and global dispersion in particular, are very uncertain and approximate 
calculations, both regarding the methods used and also the modelling involved. It is 
therefore important to understand that the differences in collective dose conversion 
factors are very small in comparison to the probable overall uncertainty present in the 
numbers (Lambers, 2001). - 
Although the impact of radionuclides on non-humans is an important and developing 
research area (see section 3.5.3) the application of the Enviromnental Irradiation 
methodology within this case study has been of limited value and can only 
76 However, krypton-85 (85K) is not readily incorporated into the body and is significant only in respect 
of external irradiation exposure. 
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demonstrate, unsurprisingly, that releasing less 14C into the manne environment will 
result in a lower impact. As aI result'the' methodology lacks relevance in this study 
and as a result it will not be discussed further here. 
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4.6 The MAGNOX Carbon-14 Case Study 
4.6.1 The MAGNOX Fuel Reprocessing Plant 
The MAGNOX reprocessing plant performs essentially the same function as THORP 
for uranium fuels as opposed to uranium oxide fuels. It also comprises of 5 distinct 
stages (refer to Figure 4.10): fuel decanning; MAGNOX Separation; Medium Active 
Evaporation; Uranyl Nitrate Evaporation and Thermal Denitration; and Uranium 
Trioxide Dissolution. However, as the plant is much older (it was commissioned in 
1964) it has a number of process variations from the THORP. 
4.6.1.1 Fuel Decanning 
Decanning Uranium metal fuel prior to dissolution enables the maximum surface area 
of fuel to be exposed to the nitric acid, thereby reducing residence time in the 
dissolver. As in THORP the dissolver off-gas (DOG) system treats the acid vapours 
and gases evolved during the dissolution cycle. In addition, the decanning of fuel 
prior to dissolution reduces reprocessing plant effluents. 
4.6-1.2 MA GNOX Separation Plant 
MAGNOX uranium fuel has a lower radioactivity and fissile material content than the 
spent THORP oxide fuel; for this reason the chemical separation process is somewhat 
simpler. The MAGNOX separation plant receives the decanned irradiated uranium 
fuel rods, dissolves them in hot nitric acid and subjects the resultant solution to a 
complex solvent extraction process to produce aqueous solution of uranyl and 
plutonium nitrate. The Dissolver Off-Gas (DOG) system treats the acid vapours and 
gases evolved during the dissolution cycle. The solvent extraction process produces 
an aqueous solution of uranyl nitrate, plutonium nitrate and fission product nitrates. 
This solution is then feed to the solvent extraction process, which consists of a 
number of mixer settler vessels. The solvent used throughout the process, as in 
THORP, is a mixture of Tri-butyl Phosphate and Odourless Kerosene (TBP/OK). As 
a general rule the solvent will extract uranium in preference to plutonium, and 
plutonium in preference to fission products. Thus, by controlling factors such as 
temperature and acidity, it is possible to separate uranium and plutonium from the 
fission products. The product of the primary separation stage is a solution containing, 
primarily, uranium and plutonium. Unlike the THORP process, however, ferrous 
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Figure 4.10 The MAGNOX Process ý 
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sulphamate (which incidentally increases the quantity of radioactive waste) is then 
mixed with this solvent to reduce the plutonium valency (pU4+ --+ Pu'+); the pU31 
species is inextractable and this facilitates the solvent separation of uranium from 
plutonium. The plutonium stream is conditioned with sodium nitrite to reoxidise the 
plutonium and it is then subjected to further purification in a similar solvent extraction 
process. The purified uranium stream is forwarded to the uranium finishing plant. 
4.6. L3 Medium Active Evaporation 
The MA evaporation plant is used to concentrate ývarious nitric acid raffinate liquors 
arising from operations in the MAGNOX Separation, Highly Active Evaporation, and 
Windscale Vitrification Plants. The acidic overheads, resulting from the evaporation 
process, are fed to a distillation column/reboiler system in order to produce recovered 
concentrated nitric acid (RCNA). The bulk of the RCNA is usually fed back to some 
of the main processes in the MAGNOX separation plant in order to reduce the 
demand for new fresh concentrated nitric acid. 
4.6.1.4 Uranyl Nitrate Evaporation and Thermal Denitration Plant 
The purpose of the Thermal Denitration (TDN) Plant is to concentrate the uranyl 
nitrate product stream from the MAGNOX Separation Plant and convert it into 
uranium dioxide powder. The uranyl nitrate is further concentrated, through 
evaporation, and sprayed into an air fluidised bed Of U03 powder inside a reactor at 
300OC; this drives off water and nitrate breaks down into N02 and NO. The U03 
powder is then transferred to drums and transported to the BNFL Springfield site 
where it can be enriched and used to manufacture new uranium fuel. 
4ALS Uranium Trioxide Dissolution Facility 
The uranium oxide dissolution facility's purpose is to dissolve out-of-specification 
drums Of U03 in 12 molar nitric acid to produce a solution of uranyl nitrate. This 
uranyl nitrate can then be recycled through the MAGNOX separation plant to produce 
in specification U03- I 
4.6.2 The MAGNOX Carbon-14 System 
The MAGNOX LCA study aimed to mirror the three scenarios investigated for the 
THORP; aerial release, marine release and solid encapsulation. However, only two 
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scenarios, marine discharge (current operation) and solid encapsulation (proposed 
operation), are considered, because a direct aerial release of "C is unfeasible on 
technical'grounds. ' The cessation of MAGNOX caustic scrubber operations, as in 
THORP, would not be acceptable because of its role in mitigating acute releases of 
Iodine (1291 and '13 '1). Additionally, removing the scrubber would increase all routine 
aerial release's of tritium '(3 H) and Nitrous Oxides (NOx). ' 
The MAGNOX reprocessing plant does not currently rely on the solid encapsulation 
of 14 C as a-form , of abatement, as in THORP. ' Therefore a brief history of the 
MAGNOX Carbon 14 Removal and Encapsulation Plant project is presented along 
with a simplified process'outline of the removal and encapsulation plant. 
Irradiated MAGNOX'fuels, ' like THORP -fuels, co ntain 14C generated from the 
irradiation of nitrogen impurities present within the fuel during its time in the reactor 
(see section 4.2.1). When these fuels are'dissolved dunng reprocessing, the majority 
of the 14C is volatised as carbon dioxide (C02) and released via the Dissolver Off-Gas 
(DOG) System; this'is'absorbed by the MAGNOX Separation Caustic Scrubber. 
Historically, - however, a significa I nt . fraction of the 14 C iscrubbed out by the DOG 
system was subsequently discharged to air because DOG scrubber effluent was routed 
t6the Low' . Active Effluent Monitoring Tanks (LAEMTs). Within these tanks the 
liquor wasacidified and the majority of the " 14C` was liberated to the LAEMTs vessel 
ventilation systemwhich was in turn routed to the MAGNOX ventilation stack via the 
Street 3 system. During 1992, h'o , wever, BNFL sought and was granted an increased 
authorisation to discharge DOG scrubber liquors to sea. 'The principle driver for this 
was the lower environmental impact obtained from a marine, as opposed, to an aerial 
discharge. Consequently, during the 1994 shutdown a project was carried out to re- 
route the'DOG and main'vessef vent scrubber liquid effluents separately to the 
Segregated Effluent Treatment Plant (SETP) via a dedicated caustic line. An 
additional' driver " for -this-, w6rk-'was , the- introduction of the new Waste Effluent 
Treatment (WET) plants; if this diversion had not been made then the DOG and main 
vessel vent scrubber liquor would have been sentenced to the Enhanced Actinide 
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Removal Plant (EARP)77. 'Mis would have resulted in a significant discharge of 14C 
and 1291 from the EARP stack; i. e. not all of the 14C and 129, were liberated via the 
LAEMTs ventilation system. 
Concurrently BNFL began to carry out feasibility studies to determine whether the 
DOG liquor could be treated to avoid or reduce the 14 C discharges to the marine 
environment. The studies revealed that the THORP type 14C fixation process coupled 
with the EARP type ultrafiltration technology was a feasible option. The proposed 
application of this technology, which would require an extension of the MAGNOX 
abatement system, would reduce the marine discharges of 14C from the Sellafield site 
through converting it into a solid form followed by encapsulation within a concrete 
matrix in the new Carbon-14 Removal and Encapsulation Plant. The proposed 
process would be essentially the same as that used within THORP with a few 
variations. DOG liquor, arriving in batches to the plant, would initially be reacted 
with barium nitrate (Ba(N03)2) to precipitate out the carbonate followed by the 
addition of a small excess of sodium carbonate (Na2C03) to precipitate any excess 
remaining barium. The barium carbonate (Ba2qO3) precipitate would then be 
separated from the alkali mother liquor using ultrafiltration technology. This 
permeate could then be discharged to sea via the alkali drains system and Segregated 
Effluent Treatment Plant (SETP). The slurry would, however, be placed within ILW 
drums with an adequate quantity of cement, Blast Furnace Slag (BFS) and Pulverised 
Fuel Ash (PFA) to produce a solid matrix. These drums would be sentenced to the 
Encapsulated Product Store for final disposal as Intermediate Level Waste (ILW). 
As this is a proposed process, the encapsulation scenario of this study will also 
investigate the impacts associated with both the construction and operation of the new 
"C Removal and Encapsulation Plant. 
11 The EARP process was primarily developed to remove alpha activity from the effluent streams 
resulting from reprocessing operations; these are acidic and contain significant amounts of dissolved 
iron. The process involves adding sodium hydroxide to the iron bearing acid streams resulting in the 
formation of ferric hydroxide floc. The majority of the alpha activity co-precipitates with the floc 
leaving purified aqueous liquor. The ferric floc is then separated from the liquor via ultrafiltration, 
resulting in a solid waste suitable for encapsulation in cement at the Waste Packaging and 
Encapsulation Plant (WPEP). The aqueous permeate is discharged to sea. 
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4.6.3 Derivation of the Fuýctional Unit 
The functional unit for the MAGNOX study is the quantity of 14C produced when 
reprocessing 1000 tonnes of spent MAGNOX fuel. However, there were a number of 
issues surrounding the determination of this 14C figure. 
According to the'MAGNOX plant flowsheet, 97% of 14 C arisings are routed to the 
DOG scrubber liquor; the remaining 3% bypasses the scrubbei and is emitted as an 
aerialfelease. Hoiýever, ý as mentioned earlier, the DOG . scrubber liquor was (at that 
time,, not "now) acidified in- the Low Active Efflpent Monitoring Tanks (LAEMTs) 
14 resulting in approximately two thirds of the C being releases to the LAEMTs vessel 
vent and, subsequently, released " to "'atmoiphere; the'ý remaining third of 14C was 
discharged to the ý marine'environment-ý ý However, there were also uncertainties 
14 C present in irradiated fuel (due to uncertainties in regarding the actual quantity of , 
the FISPIN'predictio'n's; 'see section 4.5.2), '- which made quantification of actual levels 
MAGNOXrep'roc'essing'systemimposible within'the Furthermore, ' environmental 
monitoring ineasurements suggested that aerial releases' of 14C from the plant were 
underestimated; I i. e. the environmental'monitoring programme showed that more 14c, 
was found in'the natural 'environment 'than was' being predicted. ' Understanding 
improved when a''new discharge source-'of 14 C "was found from the Highly Active 
Liquor Evaporation and Storage (HALES)'vessel ventilation system. However, there 
is no method of sampling the HALES streams for 14 C, due to the high radioactivity of 
the'str6am. '' Nevertheless, " through'monitoring'the aerial and liquid discharges over 
various ý fuel 'reprocessing campaigns an estimated flowsheet has been ý constructed 
(Table 4.15). The estimated mass balance of plant outputs should now be accurate as 
the results/levels discharged reflect what efivironmentatmonitoring programmes find 
in the natural e'nviromnent. 
Table 4.15 Carbon 14 Outputs from the MAGNOX Reprocessing Plant 
Stream Percentage 
-- 
TBq 14C 
per 1000 te 
Mass (g) 17-c 
per 1000 te 
Input - Fuel 100 11.88 72.00 
Output - B205 (aerial) 10 1.19 7.21 
-Output - 
B205 DOG Scrubber (marine) 67 7.96 48.24 
-Output - 
B205->HALES (now aerial, soon marine) 23 2.73 16.55 
(Cope, 2001) 
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Thus, it is possible to estimate that 7.96 TBq originate from the DOG scrubber liquor 
per 1000 tonnes uranium fuel reprocessed. Assuming that the Carbon-14 Removal 
and Encapsulation Plant flowsheet 3/BE/1632726 figures are correct (Appendix E), 
and assuming normal MAGNOX operations, it follows that 4 encapsulated drums 
would contain 4.57xI05 MBq of 14C. Thus, to encapsulate the entire DOG scrubber 
liquor arising over a standard year's operation would require 68 drums. 
4.6.4 Scenarios and System Boundaries 
This study only investigates two disposal options for 14 C arisings; i. e. marine release 
and solid encapsulation. A direct aerial release is not possible because the MAGNOX 
caustic scrubber is responsible for the mitigation of other aerial species. Furthermore, 
because the operation of the caustic scrubber is applicable to the two remaining 
scenarios, only the processes and associated impacts that occur post caustic scrubbing 
are compared; i. e. the impacts associated with the DOG system are not under 
investigation. The direct marine discharge of DOG scrubber liquor is'current 
operation; consequently this constitutes the first scenario. The second scenario 
considers the construction and subsequent operation -of the proposed Carbon-14 
Removal and Encapsulation Plant for the treatment of the DOG caustic scrubber 
liquor and the successive encapsulation of precipitated 14C within a concrete matrix. 
However, it is also worth mentioning that although the information is more complete 
than that used in the THORP case study, the impacts associate with construction and 
operation of the Carbon-14 Removal and Encapsulation Plant (Scenario Two) may not 
be representative of actual impacts because the majority of the data is taken from 
design flowsheet and not operational data. Nevertheless, the information used in the 
study is of the highest quality currently available. 
4.6.4.1 Scenario One: Direct Marine Discharge 
This scenario is outlined in Figure 4.11. Only the impacts associated with the aerial 
and marine discharge of the scrubber liquor are investigated. The burdens associated 
with the operation of the caustic scrubber are ignored because they are applicable to 
both systems under study. 
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Figure 4.11 Scenario One: Direct Marine Discharge 
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4.6.4.2 Scenario Two: Solid Discharge 
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Release 
Within Scenario Two, shown in Figure 4.12, the liquor from the caustic scrubber is 
not discharged directly to the marine environment but treated by the Carbon-14 
Removal Plant, which removes 14C from the Dissolver Off Gas (DOG) caustic 
scrubber liquors. This plant is currently at the design stage and would require a 
significant extension of the current MAGNOX reprocessing system. Thus, as well as 
operation burdens, it is also necessary to include any burdens that result from the 
construction of the plant. 
Operation ofthe Carbon 14 Removal Plant: 
The initial stage of this process is identical to Scenario One, marine discharge, 
However, during operation of the caustic scrubber batches of caustic solution from the 
caustic scrubber catch tank would be transferred to reaction vessels within the 14 C 
removal cell. Barium nitrate (Ba(N03)2) solution would then be added to precipitate 
14 C as insoluble barium carbonate (Ba2CO3); this precipitate would be reacted with an 
excess of sodium carbonate (Na2CO3) to precipitate any excess barium nitrate from 
the first reaction, thus reducing the transfer of barium to the SETP. The barium 
carbonate precipitate solution would then be transferred to the ultrafiltration circuit 
where it would be re-circulated through an ultrafilter to separate the precipitate from 
the mother liquor and concentrate the precipitate. The mother liquor would be 
removed as permeate, and discharged to sea via the alkali drains system and SETP. 
This process would be carried out until sufficient batches of precipitate have been 
added to provide enough of the concentrated slurry to produce four drums of 
encapsulated product. The slurry would then be placed within the four ILW drums 
with an adequate quantity of cement, BFS and PFA to produce a solid matrix. 
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Figure 4.12 Scenario Two: Solid Discharge 
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The drums would be transferred in a four-drum stillage to the Encapsulated Product 
Store for storage and final. disposal as ILW. 
I 
Construction ofthe Carbon-14 Removal and Encapsulation Plant: 
The Carbon-14 Removal and Encapsulation Plants foundations will be supported on a 
I. Oin thick reinforced concrete raft. The building will be approximately 15.5in wide, 
18.5m long (there is an additional stairwell area, which is approximately 6.93in in the 
East-West direction and 3.2in in the North-South directions), and approximately 
22.7m high. ' The building superstructure will be a braced structural steel framework 
supporting in-situ reinforced concrete floor slabs. -The reinforced concrete floor slabs 
will be cast on a permanent steel framework system. , Two separate steelwork 
staircases will be installed to allow access to all levels of the building. All rooms will 
be partitioned and - 250mm thick normal 
density concrete block work , will be used 
where shielding is necessary. A 1000 kg goods lift will be provided, for all levels. 
However, information on the sources of building materials for the construction is 
unavailable as no - contracts have been, put 
in place with any external contractors 
making the determination of the impact posed by the transportation of such materials 
impossible. using the dimensions of the building it has been possible to 
approximately calculate the materials required to construct the building; see Appendix 
J. Additionally, information on the majority of internal plant items is not available; 
however, it has been assumed, after personal communication with the plant's 
designers, that t4e mass of the equipment will be -100 tonnes (stainless steel). To 
account for transportation impacts it is assumed that the equipment is manufactured in 
Sheffield. 
4.6.5 Assumptions 
To enable the modelling of the two MAGNOX scenarios a number of assumptions 
have been made. Tlýe majority of these are similar to those used in the THORP study 
(those in italic), but there are differences, the most obvious of which relate to the 
construction of the MAGNOX Carbon-14 Removal and Encapsulation Plant. Also, as 
in the THORP scenarios, assumptions err on the side of caution; i. e. each assumption 
has been made to result in the least environmental impacts for inputs and the 
maximum for outputs, to ensure that overall impacts are not underestimated. 
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General. - 
The MAGNOX system general assumptions are the same as those made in the 
THORP study; see section 4.5.4. 
Carbon 14 Removal and Encapsulation Plant: 
Electricity consumption associated with the MAGNOX Carbon-14 Removal and 
Encapsulation Plant has been included in the system and is taken as being 75% of 
the total power demand (design) of the plant (total of 1530000 kWh per annum). 
All information relating to the operation of the MAGNOX Carbon-14 Removal 
and Encapsulation Plant has been obtained from plant flowsheet diagram 
3/BE/1632726. This is the most relevant data source. 
All burdens associated with the production of Pulverised Fuel Ash (PFA) and 
Blast Furnace Slag (BFA) are ignored, as the materials are waste products from 
other manufacturing processes; Le. electricity generation and steel manufacture. 
However, the impacts associated with any treatment and transportation of the 
materialprior to utilisation have been addressed. 
DEVA Manufacturing: 
The drums manufactured by DEVA for use in the MAGNOX Carbon 14 Removal 
and Encapsulation Plant are assumed to be identical (i. e. in dimension, material 
and mass) to those used in the WEP for the encapsulation of THORP 14C slurries. 
All other assumptions are as those made in the THORP study. 
Construction of the Carhon-14 Removal and Encapsulation Plant: 
Data availability for the construction of the Carbon-14 Removal and 
Encapsulation Plant has been limited. Therefore, this study concentrates 
specifically on the materials used during the construction process; i. e. concrete 
and steel components of the building super structure and the plant machinery that 
occupies the building. The impacts associated with the construction process, e. g. 
electricity and machinery use, have not been included. 
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e The impacts associated with the transportation of the materials used for 
construction of the Carbon-14 Removal and encapsulation plant havealso been 
excluded from this study, except for those associated with the stainless steel plant 
items. This is because contracts have not been agreed with material suppliers and 
therefore the materials' source and transportation impact is unknown. 
9 Infonnation relating to the burdens associated with the construction of the Carbon- 
14 Removal and Encapsulation Plant have been calculated in terms of impact per 
drum. This is based on a throughput of 680 drums (assuming the plant operates at 
a throughput of 68 drums per annum. and has an operational lifetime of 10 years, 
see section 4.6.2). 
e The impact associated with water usage during the construction of the Carbon-14 
Removal, and Encapsulation -Plant has been excluded from the study due to 
problems in allocating water use and its subsequent impact. 
Repository 
The impacts associated with the construction and operation of the waste 
repository (where ultimately the ILW slurry drums will be placed) have been 
excludedfrom this study due to a lack of available data (the rationale behind this 
decision is given in section 4.5.4). 
4.6.6 Non-Radiological Impacts 
The majority of the non-radiological impacts posed by the three scenarios have been 
assessed using the PEMS LCA software. However, as construction of the proposed 
MAGNOX Carbon-14 Removal and Encapsulation Plant is also investigated,, the non- 
radiological results are further divided into those posed by the proposed plant's 
operation and construct; section 4.6.5.1 and 4.6.5.2, respectively. A discussion of the 
key finding is presented. in section 4.6.5.3. 
4.6-6.1 Results: Operation 
Only the results for Scenario Two (solid encapsulation) are presented here. This is 
because Scenario One, marine discharge, has no background system impacts as no 
abatement system is applied to the stream; i. e. the scrubber liquor is release directly to 
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the Irish Sea. Thus, the only impacts posed by Scenario One, marine discharge, is that 
of the stream itself. However, within Scenario One, scrubber liquor, and Scenario 
Two, ultrafiltration permeate, the total impact of the streams could not be calculated 
using the PEMS software package as there were instances where the software did not 
provide for the inclusion of some species, e. g. a chemical compound. Consequently, 
an inventory of these streams is also discussion. 
Table 4.16 Compressed Report of Solid Encapsulation* 
Heading Name Solid Total 
(Sce ario Two) 
Energy input (MJ) 3.43E+08 
Land use (ma) 5.94E+05 
Air 1.65E+07 
Biotic reserves 8.0413+00 
Fossil reserves 8.49E+06 
Inputs from system 3.5513+02 
Kiineralreserves 3.5513+05 
Water in 6.2413+08 
BOD 5.2513+00 
70 3.1313+03 
C02 1.5 1 E+07 
ýOD 7.78E+01 
Halides 3.80E+03 
Metals (air) 9.8313+02 
N113 7.1713+01 
NOx 3.79E+04 
Other (air) 2.80E+02 
S02 6.85E+04 
Toxic subst O. OOE+00 
TSP 2.9613+04 
VOC 6.27E+04 
Metals (water) 6.38E+04 
Non metals (water) 1.57E+05 
Organic (water) 8.9313+02 
Unspecified (water) 8.28E+03 
Water out 6.3013+08 
Oils 1.0613+01 
Open loop outputs 4.23E+02 
Solid waste" 3.4513+02 
Landfill (dm3)" 1.2913+02 
Radioactivity (kBq)' 1.37E+10 
*The impact of Scenario One, marine discharge is zero in all categories hence they have been excluded 
from this table. All figures relate only to the background system, are rounded to three significant figures due to 
uncertainty and relate to the functional unit (kg unless otherwise stated). 
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Table 4.17 Problem Orientated Impact Assessment (PEMS. 4.7 Default) 
Heading Name Solid Total 
(Scenario Two) 
Extracted Energy (MJ) 3.43E+08 
Abiotic depletion (kg Oil eq. ) 1.22E+07 
Global Wanning (kg C02 eq. ) 1.64E+07 
Acidification (kg S02 eq. ) 9.86E+04 
Ecotoxicity (kg Cr eq. ) 7.02E+02 
Nutrification (kg P04 eq. ) 1.19E+04 
_Odour 
(kg NH3 eq. ) 6.04E+04 
Ozone depletion (kg CFC II eq. ) 2.55E+00 
Summer Smog (kg ethene eq. ) 3.05E+03 
Summer Smog (kg NOx) 3.77E+04 
Winter Smog (kg dust eq. ) 9.74E+04 
Carcinogenic (kg PAH eq. ) 7.84E+00 
Heavy metals (kg Pb eq. ) 3.15E+02 
Traffic (km Traveled) - 2.26E+03 
* All figures relate only to the background system, are rounded to three significant figures due to uncertainty and 
relate to the functional unit (kg unless otherwise stated). 
On reviewing the impacts associated with the encapsulation of 14C within the Magnox 
facility it is apparent that the impacts posed are more significant than those from 
encapsulating 14 C arising from THORP. There are a number of reasons for the 
differences. Primarily, the fun ctional unit (i. e. the quantity of 14 C encapsulated) in 
each'study is different; thus whilst 45 drums of ILW are produced by THORP the 
Magnox facility produces 68., This will have obvious impacts upon the process 
inputs; e. g. 
, 
cement and staipless. steel. Furthermore, the two plants have different 
functions and scales of operation: the Magnox plant will be constructed solely for the 
encapsulation of 14C arising from the Magnox facility (68 drums per annum. ), whereas 
the encapsulation of 14 C arising from THORP is carried out within the WEP plant and 
it represents only a small fraction of WEP throughput (9.3%) - see Table 4.2. As a 
result, the' electricity requiiement per dru'ra-within the WEP is much lower than the 
proposed Magnox 14C - plant. Finally, the figure provided by the plant designers for 
the total electricity, -consumption of 
the facility is significantly higher than that quoted 
in the THORP study. Nevertheless, when this figure was initially provided it was 
discussed with the plant designers, who were adamant that it was representative. 
The impacts associated with the marine discharge of DOG Liquor, Scenario One, and 
the marine discharge of ultrafiltration permeates, Scenario Two, from the MAGNOX 
Carbon-14 Removal and Encapsulation plant have been excluded from the PEMs 
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model and therefore from Tables 4.16 and 4.17. However, the impact of these 
foreground streams (i. e. Scenario One's DOG Scrubber Liquor and Scenario Two's 
Ultrafiltration Permeates) can be directly compared within this study as they comprise 
of almost identical species; the only difference is the presence of barium carbonate 
(BaC03) within the ultrafiltration permeates. The inventories for these streams are 
presented in Tables 4.18 and 4.19; the values relate to the functional unit of the study. 
it is assumed that when the compounds are. discharged to the marine environment they 
will dissociate. 
Table 4.18 Scenario One: Marine Discharge (DOG Scrubber Liquor) 
Species (kg) 
Component Na0II NaN03 Na2C03 Totals 
Na 8781.9 714 1097.7 10593.6 
N03 0 1924.7 0 1924.7 
OH 6490.9 00 6490.9 
C03 00 1432.8 1432.8 
Volume (1) 620466 
Table 4.19 Scenario Two: Solid Encapsulation (Ultrafiltration Permeates) 
Species (kg) 
Component NaOH NTNO3 Na2CO3 BaC03 Totals 
Na 8601.7 1989.5 215.1 0 10811.2 
N03 0 5363.2 0 0 5363.2 
OH 6357.7 0 0 0 6357.7 
C03 0 0 280.5 1.7 282.2 
Ba 0 0 0 3.9 3.9 
Volume (1) 783785 
From these inventories it is obvious that the majority of the streams' constituents are 
comparable, the only species which differ significantly between the streams being 
carbonate, nitrate and barium. Furthermore, the discharge of both nitrate and barium 
are increased in Scenario Two, solid encapsulation. Therefore, not only does the 
application of abatements equipment (i. e. the Carbon-14 Removal and Encapsulation 
plant) result in a massive increase in background impacts (Table 4.17), it also results 
in an increase in other non-radiological species arising from the foreground system; 
although there is a drop in overall carbonate discharges. The potential environmental 
concentration of these species, in the marine environment, has been calculated, using 
the standard Sellafield marine discharge model - see section 4.5-5.1 - and the results 
are presented in Table 4.20. 
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Table 4.20 Comparison of Scenario One and Two Marine Discharge Streams 
Species Scenario I 
(kg) 
Concentration - 
(lig/1) 
Scenario 2 
(kg) 
ý Concentration 
-4-19/1) 
Difference 
(1! 9/1) 
Na 10593.55 18.33 10811.15 18.70 0.37 
_NO3 - 
1924.74 ý 3.33 -. 5363.16 9.28 5.95 
_OH 
6490.94 11.23 6357.66 11.00 -0.23 
- 
C03 1432.76 2.48 282.20 0.49 -1.99 
_Ba - 
3.91 0.01 0.01 
_Volume 
(1) 620466 783785 
From these results it is possible to highlight that sodium, nitrate and barium arising 
from the filtration permeate from Carbon-14 Removal and Encapsulation plant 
(Scenario Two) result in greater'environmental concentrations of these species when 
compared to the direct discharge of the DOG scrubber liquor. Conversely the direct 
discharge of the DOG scrubber liquor (Scenano One) results Jn a marginally larger 
concentration of hydroxide and a much larger concentration of carbonate within the 
marine environment78. i'Thus, ' the operation of the Carbon-14 Removal and 
Encaps ulation Plant, Scenario Two, actually increases the overall marine discharge of 
sodium, nitrate and barium. However, the direct discharge* of the DOG scrubber 
liquor, Scenario One, does result in a slightly increased discharge of hydroxide and a 
larger discharge of carbonate. 
As in t- he THORP study, . the removal and encapsulation of 14C (Scenario Two) also 
results'm the production of Intermediate Level-Waste (ILW) drums, which as the 
THORP waste, will be stored on the Sellafield site prior to repository disposal. To 
encapsulate 48.24 g of 14C, the functional unit for this study, will require the 
production of 68 ILW drums (each of which has a mass of 1170 kg and a volume of 
0.56 m') with a total mass of 79.56 tonnes and a volume of 38.1 m3. The cost of this 
process, per drum, is not known. However,, the 'Capital Expenditure Proposal' 
lifetime costs of the, plant are estimated at between E43.2-43.6 Million (based on the 
current business plan) and, E61.4-61.8 Million (based on MAGNOX full operational 
potential) 79 Thus, assuming the production of 68 drums per annum over a 10-year 
period, the cost per drum equates to -L63,800 (mid way between the lower (L63520) 
7 8 Nevertheless, the impact posed by either discharge stream, based on the concentrations presented in 
Table 4.20, is negligible; i. e. well within current eco-oxicological limits (Croners, 2003). 
79 However, it is likely that this will change due to the premature closure of the Calder Hall and Chapel 
Cross nuclear reactors. 
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and upper (E64117) estimates), making these drums more expensive to produce than 
those used for the encapsulation of the THORP 14C slurries. However, the MAGNOX 
system is almost twice as efficient at encapsulating the 14C species than the method 
used within the THORP and WEP systems; i. e. MAGNOX encapsulates 0.7g 14C per 
drum whereas THORP encapsulates 0.37g 14C pe 'r drum. Nevertheless, the cost of 
encapsulating the functional unit (48.24 g of 14C) within the MAGN 
' 
OX system is still 
significant: -E4.338 Million. But, as the MAGNOX Carbon-14 Removal and 
Encapsulation Plant is yet to be constructed, unlike the THORP plant, these costs have 
not yet been incurred by BNFL, as a result if a decision is taken not to encapsulate It 
arisings from the MAGNOX facility a real cost saving could be achieved. 
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4.6.6.2 Results: Construction 
The construction impacts of the Carbon-14 Removal and Encapsulation Plant are only 
applicable to Scenario Two. The dimensions of the building, presented in Appendix 
J, have been used to roughly determine the -material, flows -, associated with the 
structure's construction, and their associated impacts. 
Table 4.21 Compressed Report for MAGNOX C14 Construction* - 
Heading Name, Total Total Per Drum 
(Total/680) 
Energy input (MJ) 3.83E+07 5.63E+-04 
Land use (m2a) 1.04E+05 1.52E+02 
Air 2.28E+06 3.35E+03 
Fossil reserves I. IOE+06 1.62E+03 
Inputs from system 2.89E+02 4.20E-01 
Mineral reserves 5.02E+06 7.38E+03 
Water in 6.92E+07 1.02E+05 
BOD 1.06E+01 2-OOE-02 
co 9.87E+02 1.45E+00 
C02 2.09E+06 3.07E+03 
COD 9.13E+00 I -OOE-02 
Halides 1.42E+02 2.1 OE-0 I 
Metals (air) 7.93E+01 1.20E-0 I 
NH3 5.73E+00 I -OOE-02 
Nox 4.99E+03 7.34E+00 
Odier (air) 3.66E+01 5. OOE-02 
S02 3.30E+04 4.86E+01 
Toxic subst LOOE-02 O. OOE+00 
TSP 7.96E+04 1.17E+02 
voc 7.70E+03 1.13E+01 
Metals (water) 7.67E+03 1.13E+01 
Non metals (water) 1.76E+04 2.59E+O I 
Organic (water) 2.72E+02 4. OOE-01 
Unspecified (water) 2.02E+03 2.98E+00 
Water out 7.0 1 E+07 1.03E+05 
Oils 7.40E-01 O. OOE+00 
Open loop outputs 
- 
2.04E+01 3. OOE-02 
dw as 7te To Th 2.33E+01 3-OOE-02 
Landfill (dm3)' 2.24E+00 O. OOE+00 
Radioactivity (kBq)' 1.25E+09 1.84E+06 
* Plant will produce 68 drums of ILW waste per year over a period of 10 years 
and all figures relate only to the background system, are rounded to three 
significant figures due to uncertainty and relate to the functional unit (kg unless 
otherwise stated). 
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Table 4.22 Problem Orientated Impact Assessment (PENIS 4.7 Default) 
Heading Name Total Burden per Drum 
(Total / 680) 
Extracted Energy (MJ) 3.83E+07 5.63E+04 
Abiotic Depletion (kg Oil eq. ) 3. OIE+07 4.43E+04 
Global Warming (kgC02eq. ) 2.39E+06 . 3.52E+03 
Acidification (kgS02eq. ) 3.66E+04 5.39E+01 
Ecotoxicity (kg Cr eq. ) 1.64E+02 2AIE-01 
Nutrification (kg F04 eq. ) 7.27E+02 1.07E+00 
Odour (kg NU3 eq. ) 2.85E+04 4.20E+01 
Ozone Depletion (kg CFC II eq. ) 4.70E-01 7.35E-04 
Summer Smog (kg ethene eq. ) 5.57E+02 8.20E-01 
Summer Smog (kg NOx) 4.96E+03 7.29E+00 
Winter Smog (kg dust eq. ) 1.13E+05 1.66E+02 
Carcinogenic (kg PAH eq. ) 1.88E+00 2.79E-03 
Heavy metals (kg Pb eq. ) 5.94E+O I 8.74E-02 
Traffic (km Traveled) 1.84E+03 2.70E+00 
* Plant will produce 68 drums of ILW waste per year over a period of 10 years 
and all figures relate only to the background system, are rounded to three 
significant figures due to uncertainty and relate to the functional unit (kg unless 
otherwise stated). 
4.6.6.3 Discussion 
The operational activities associated with the Carbon-14 Removal and Encapsulation 
Plant (Scenario Two) result in extensive burdens (e. g. increased consumption of raw 
materials and the creation/release of additional waste materials to the environment). 
For example, overall, the system consumes an extra 342.5 TJ of energy, 354.5 tonnes 
of mineral reserves, produces 15101 tonnes Of C02 (equivalent), and results in the 
release of 13.7 TBq of radioactivity in the background system8o in comparison to the 
direct discharge of DOG Scrubber Liquor (Scenario One). However, as in the 
THORP study, the majority of the burdens arise from two key activities in Scenario 
Two: the generation of electricity in the background system for consumption by the 
Carbon-14 Removal and Encapsulation Plant, and the manufacture of high alloy steel 
ILW drums in the background system. The generation of electricity accounts for over 
90% (almost 99% in most categories) of the burdens associated with the inventory; 
the exceptions are Biotic Reserve Depletion, Solid Waste Disposal and Landfill waste 
volume. 
so As in the THORP study, this radioactivity is assumed to arise from the generation of electricity 
generation and the manufacture of steel within the background system (see section 4.5-6.1). 
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The Impact Assessment results (Table 4.22) mirror those presented within the 
inventory stage, in that Scenario Two dominates Scenario One in all impact 
categories. Within Scenario One there are limited releases and thus limited impacts; 
i. e. only those associated with the direct marine discharge of the DOG scrubber 
liquor. Consequently, due to the abatement activities associated with Scenario Two 
the burdens are significantly higher; i. e. Extracted Energy, Abiotic Depletion, Global 
Warming, Acidication, Ecotoxicity, Nutrification, Odour, Ozone depletion, Summer 
Smog, Winter Smog, Carcinogenic, Heavy metals. This is due to the'majority of the 
impacts stemming from the background system's generation of electricity for 
consumption by the Carbon-14 Removal and Encapsulation Plant. The majority of 
the transport burdens (Traffic) are associated with the transportation of Blast Furnace 
Slag (BFS), ILW drums and barium nitrate (all associated with operation of the 
Carbon-14 Removal and Encapsulation Plant in Scenario Two). 
On comparing the marine discharges occurring in the foreground system of each 
scenario they are found to be very similar, posing similar impacts (Table 4.20). 
However, the operation of the Carbon-14 Removal and Encapsulation Plant in 
Scenario Two results in the production of significant quantities of Intermediate Level 
Waste (ILW) with an associated financial burden. 
The construction of the MAGNOX Carbon-14 Removal and Encapsulation plant for 
Scenario Two results in many burdens, the majority of which are related to the 
manufacture of steel used in the construction process; plain steel is used structurally 
whereas the stainless steel is used for the plant equipment. The majority of these 
impacts are associated with the manufacture of plain steel, possibly due to the larger 
quantity used (400 tonnes of plain steel as opposed to 100 tonnes of stainless steel) in 
the building's construction. However, inventory flows of BOD and S02 are larger for 
stainless steel manufacture. The radioactivity produced by the background system 
accountable to steel manufacturing is split equally between the manufacture of plain 
and stainless steels. However, the mineral reserve depletion, solid waste production 
and landfill waste generated almost exclusively arise from the transportation of high 
alloy steel assumed to be*from Sheffield. The transportation of plain steel has not 
been assessed: however if it was included in the assessment it is expected that it 
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would be the major contributor to these inventory categories due to its much larger 
mass (-400 tonnes). 
The impact assessment results associated with construction (Table 4.22) again 
essentially mirror the inventory results, with the steel manufacturing processes 
dominating almost all impact categories. The manufacture of stainless steel accounts 
for the ma ority of the Abiotic Depletion (99%) and Acidification (81%) impacts, 
whereas the manufacture of plain steel accounts for the majority of the extracted 
energy (58%), Global Warming (47%), Ecotocicity (73%), Ozone Depletion (49%), 
Summer Smog (53%), Carcinogen (64%) and Heavy Metal (70%) impacts. However, 
within the Winter Smog category, cement manufacture accounts for about half the 
total impact, with the remaining half being split between equally between the steel 
manufacturing processes. The manufacture of cement also accounts for 25% of the 
total contribution to the Summer Smog and Nutrification categories. 
The combined operational and construction impacts per annum are presented in table 
4.23. The construction impacts have been annualised by dividing the initial 
construction impact over the lifetime of the plant (10 years). The relative contribution 
of construction and operation burdens to overall impact is displayed in Figure 4.13. 
Table 4.23 Annual Impact of Carbon-14 Removal and Encapsulation Plant* 
Heading Name Construction 
Burden Per 
Annum (Total/10) 
Operational Burden 
Per Annum (68 
drums) 
Total Per 
Annum 
Extracted Energy (MJ) 3.83E+06 3.43E+08 3.46E+08 
Abiotic depletion (kg Oil eq. ) 3.01E+06 1.22E+07 1.52E+07 
Global Warming (kg C02 eq. ) 2.39E+05 1.64E+07 1.66E+07 
Acidification (kg S02 eq. ) 3.66E+03 9.86E+04 1.02E+05 
Ecotoxicity (kg Cr eq. ) 1.64E+01 7.02E+02 7.19E+02 
Nutrification (kg P04 eq. ) 7.27E+01 1.19E+04 1.20E+04 
Odour (kg NH3 eq. ) 2.85E+03 6.04E+04 6.32E+04 
5zone depletion (kg CFC II eq. ) 5. OOE-02 2.55E+00 2.60E+00 
Summer Smog (kg ethene eq. ) 5.57E+01 3.05E+03 3.11 E+03 
gummer Smog (kg NOx) 4.96E+02 3.77E+04 3.82E+04 
Winter Smog (kg dust eq. ) 1.13E+04 9.74E+04' 1.09E+05 
Carcinogenic (kg PAH eq. ) 1.90E-01 7.84E+00 8.03E+00 
fleavy metals (kg Pb eq. ) 5.94E+00 3.15E+02 3.2 1 E+02 
Traffic (km Travelled) 1.84E+02 2.26E+03 2.44E+03 
Assuming an annual throughput of 68 drums. 
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Figure 4.13 Relative Contribution to Operation and Construction (Per Annum) 
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The combined impact resulting from both the construction and operation of the plant 
is significant. However, from Figure 4.13 it is obvious that the yearly operational 
impacts far outweigh the impacts posed by the construction of the plant in all 
categories. Thus, although the plant has a high initial construction burden, it is 
dwarfed by the yearly operational impacts. This is what is usually expected with most 
projects, however it Is interesting in this instance because although this is a relatively 
large plant, with a relatively low throughput, and the overall construction impacts are 
small relative to the operation impacts over the lifetime of the plant. 
4.6.7 Radiological - Impacts 
The radiological impacts for the MAGNOX study have been calculated using the fisk 
based and the Sellafield site-specific dose-based methodologies as used in tile THORP 
study. Tile results are summarised in Tables 4.24 - 4.2981 under the following 
headings: Scenario One (M): Marine discharge of 14C; Sccnafio Two (S): 
Encapsulation of 14C. 
81 . Blanks' within these tables indicate that no result is expected, as there Is no discharge to that 
medium. However, a 'No Result' indicates that although there has been a discharge to that medium 
(acrizil/liquid/solid) a rcSLIh could not be calculated due to methodological limitations. 
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4.6.7.1 Risk Based Methodology Results: 
The impacts calculated using the Hurnan Irradiation Methodology relate to the annual 
potential risk of a detrimental health effect as a result of radiation exposure due to the 
waste or emission in question. Consequently, the results in Table 4.24 describe the 
potential impact posed by the release of radionuclides to a variety of media based on 
the methodology proposed by Solberg-Johansen (1998); see section 3.5.4.4. 
However, the impacts presented are only potential impacts, the methodology can only 
be used for comparative assessments between the various discharge scenarios. 
Table 4.24 Human Irradiation Results 
Impact Scenario 
One (M) Two (S) 
Solid Impact 1.90E-14 
Marine Inipact 2.12E-04 1.22E-08 
Aenal Impact 1.84E-06 1.84F-06 
Total 2.14E-04 1.84E-06 
Based on the Human Irradiation methodology the MAGNOX study reinforces what 
was found in the THORP study; i. e. that Scenario Two (Solid) results in tile lowest 
overall impact and Scenario One (Marine) results in a larger impact. 
As outlined in section 3.5.4.5 the Environmental Irradiation (El) results (Table 4.25) 
can only be utilised as a screening method to deterrmne the potentially harmful 
concentrations released to the environment and are not necessarily related to toxic 
effects. 
Table 4.25 Environmental Irradiation Results 
I mpact 
One (M) 
Scenario 
Two (S) 
Solid Impact No Result 
Marine Impact 3.06E+00 1.75E-4 
Aerial Impact No Result No Result 
Total 3.06E+00 1.75E-4 
These results illustrate how the assessment of potential environmental impacts may 
differ from human impacts. As in the THORP study the El methodology within the 
context of this LCA is restricted to the assessment of direct discharges to water and it 
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is found that scenario one (marine) results in a larger impact - no EI information is 
available for aerial and solid releases of 14C. 
4.6. Z2 Dose Based Methodology Results: 
The impact of radiological discharges associated with the two scenarios has also been 
calculated in terms of radiolog ical dose for both the critical and collective groups. 
However, as explained in section 3.5.4.2, the critical and collective dose 
methodologies can only calculate the impact posed by direct discharges; i. e. impacts 
cannot be calculated for a solid discharge. 
Critical Group Dose (CGD): 
The following Critical Group Dose (CGD) information has been calculated using the 
worst case Long Term Aerial Discharge Release Ratios (LADRRs) and Marine Direct 
Release Ratios (results are presented a Sv Y1 per TBq Y'). As in the THORP study, 
the worst case models have been chosen as they represent the highest impact per unit 
discharge; i. e. they are the most pessimistic models available. 
Table 4.26 Critical Group dose for scenarios one and two 
Impact Discharge ( 
One (M) 
TBq) 
Two (S) 
Dose 
One (M) 
(microSv) 
Two (S) 
Solid 7.96 No Result 
Liquid 7.96 1.926 
Aerial 1.19 1.19 1.559 1.559 
Total 9.15 9.15 3.485 1.559 
The Collective Dose: 
The following Collective Dose to the UK, Europe and the World information has been 
calculated using the collective dose commitment (manSv per Bq discharged, 
integrated to 500 years) for atmospheric and liquid discharges. 
Table 4.27 UK Collective Dose for Scenarios One and Two 
Impact Discharge ( 
One (M) 
TBq) 
Two (S) 
. Dose ( 
One (M) 
ManSv) 
Two (S) 
Solid 7.96 No Result 
Liquid 7.96 1.85E+O 
Aerial 1.19 1.19 2.62E-1 2.6213-1 
Total 9.15 9.15 2.17E+00 2.62E-01 
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Table 4.28 Europe Collective Dose for Scenarios One and Two 
Impact Discharge ( 
One (M) 
TBq) 
Two (S) 
Dose 
One (M) 
(ManSv) 
Two (S) 
Solid 7.96 No Result 
Liquid 7.96 6.8413+0 
Aerial 1.19 1.19 2.36E+O 2.3613+00 
Total 9.15 9.15 9.44E+O 2.36E+00 
Table 4.29 World Collective Dose for Scenarios One and Two 
Impact Discharge ( 
One (M) 
TBq) 
Two (S) 
Dose 
One (M) 
(microSv) 
Two (S) 
Solid 7.96 No Result 
Liquid 7.96 9.23 E+O I 
Aerial 1.19 1.19 2.1413+01 2.1413+01 
Total 9.15 9.15 1.17E+02 2.14E+01 
Again, as in the THORP study, the marine discharge scenario results in a higher 
radiological dose than the solid encapsulation scenario. 
4.6.7.3 Discussion 
The radiological impacts associated with the operation of the Carbon-14 Removal and 
Encapsulation Plant are interesting in that the abatement technology would be 
implemented to achieve a radiological discharge reduction of 48.24g (7.96 TBq). 
This quantity of 14C is only slightly higher than the annual aerial release of . 
14C from 
UK crematoria. 
According to the risk-based Human Irradiation methodology it is apparent that the 
solid encapsulation of 14 C results in a much lower radiological impact than a marine 
discharge; this is in line with what was found for the THORP case study. The direct 
aerial release of 14C was not investigated within the MAGNOX case study; however, 
it is likely, given the THORP case study findings, that the aerial release of 14C would 
result in a lower impact than direct marine discharge. This is due to methodological 
issues surrounding the determination of environmental concentrations and receptor 
pathways; see section 4.5.6.3. Again, the Environmental Irradiation results, as in the 
THORP study, have been of limited value in this study as the methodology is unable 
to address the impact posed by direct aerial and solid releases of 14C; see section 
4.5.6.2. 
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The Sellafield site-specific dose assessment methodologies, i. e. Critical Group Dose 
(CGD) and Collective Dose, demonstrate that solid encapsulation of the 14C lowers its 
immediate radiological impact. The CGD results demonstrate that through the solid 
encapsulation of 14 C, as opposed to marine discharge, the CGD is reduced by almost 
40%. However, it is important to note that because the CGD and Collective Dose 
methodologies are unable to account for the impact posed by solid waste disposal, 
they are unable to account for the potential dose that will arise from the release of 
radionuclides from the waste repository; thus, in actual fact, the difference in the CGD 
between the scenarios is expected to be lower than 40%. Furthermore, all scenarios 
fail to account for the radiological dose arising from the releases of radionuclides in 
the background system; however, the impact posed by radionuclides arising from the 
background system is unknown. Interestingly the encapsulation of 14 C, as opposed to 
marine discharge, will result in a CGD saving of 1.93pSv; this is only 0.074% of the 
background radiation dose (2600 pSv) and could be obtained from an individual 
consuming 38.6g of brazil nuts, flying 181.8 miles of a standard commercial air flight 
or receiving 9.65% of a chest X-Ray. 
4.7 Conclusions 
The determination of the majority of the non-radiological environmental impacts 
within this LCA was calculated straightforwardly using the PEMS 4.7 LCA software. 
However, it is important to highlight that there were some species (e. g. barium) which 
could not be assessed using the LCA software and as a result these have been treated 
using site-specific methodologies in order to detchnine their impact. 
The impacts posed by radiological discharges were much more difficult to quantify 
and only the Human Irradiation model provided a complete analysis of all the 
scenarios studied; i. e. it accounted for direct marine and aerial discharges and 
addressed the impacts posed by solid waste disposal. The Environmental Irradiation, 
Critical Group Dose, and Collective Group Dose methodologies could not assess the 
impacts posed by the solid waste disposal of -14 C. Furthennore, due to methodological 
limitations the Environmental Irradiation methodology was unable to assess the 
impacts posed by aerial releases, and was therefore of limited value throughout the 
study. Nevertheless, it may be a useful approach for other radiological species and 
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does address some of the issues raised within Chapter Three regarding the 
radiological impact of releases upon non-human species. 
However, although the Human Irradiation model provided the most comprehensive 
approach, because it uses the generic NCRP models, it can only provide results for 
comparative assessments. , 
The Sellafleld-specific CGD and Collective Group Dose 
models, on the other hand, do provide actual impact results and therefore have some 
value in radiological LCA studies, even though they cannot assess the impact posed 
by solid waste. Nonetheless, these models can only be applied if there are extensive 
data relating to the radiological discharge, its behaviour in the environment, and the 
behaviour of the receptors. Such information is not available for all radionuclide 
releases, but it is likely tha t releases from most nuclear licensed sites, located at 
various stages/locations of the nuclear fuel cycle (see figure 1.3) would be modelled 
in adequate detail. Solid disposal models for the UK will become available when the 
issue of solid waste disposal is properly addressed. These findings suggest that no 
single methodology for the assessment of radionuclides impacts within the LCA 
framework should implicitly be relied upon; i. e. future radiological impacts should be 
assessed using both the generic risk based and site-specific methodologies. 
Another reason for not relying on a single methodology for the assessment of 
radionuclides impacts within the LCA framework is that the different radiological 
impact methodologies provide conflicting results - one of the most important findings 
of this research. Thus, whereas the CGD and the EU and World Collective dose 
methodologies predict that a marine release of 14C gives a lower dose than an aerial 
discharge, per unit discharge, the UK Collective dose and Human Irradiation 
methodologies predict the opposite; i. e. that a marine release results in a larger impact 
than an aerial release. Furthermore, the Human Irradiation results also predict that 
solid disposal results in a greater impact than a direct aerial discharge; although this is 
assumed to be due to the marine discharge that the solid disposal option entails. The 
principal reasons for the disparity between the models are discussed in section 4.5.6.3. 
However, it is proposed that further work be carried out to dissect the models and 
fully identify the key reasons for the differences. In fact it would be beneficial to 
assess all of the LCA radiological assessment methodologies that are available; i. e. 
the Critical Volume, Site-Specific, Eco-indicator 99 and risk based approaches and 
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resolve the differences that may arise between them. However, this would require an 
extensive amount of work, not to mention a significant understanding of radiological 
environmental modelling, and as a result is well beyond the scope of this portfolio. 
In both the THORP and MAGNOX studies, the trends found with regard to the 
reduction of radiological impacts at the expense of non-radiological impacts was 
expected. However, the magnitude of the non-radiological impacts created in the 
abatement of the radionuclide impacts is startling. Although it was apparent that the 
encapsulation of 14 C has not been universally adopted as an abatement technique 
across the nuclear industry (i. e. the French and Japanese adopt liquid and aerial 
discharge respectively) the overall impacts were unknown. This study has quantified 
the key impacts associated with each disposal technique, for THORP and MAGNOX, 
in a holistic and comprehensive manner and determined that the encapsulation of 14C 
within a solid concrete matrix is a highly resource intensive process. In fact, from the 
results presented, it could reasonably be argued that the encapsulation of 14 C arisings 
is considerably more environmentally detrimental than the release of 14C mitigated. 
For example, within the THORP study the adoption of Scenario Three, solid 
encapsulation of 14 C, results in a Critical Group Dose (CGD) reduction of 0.67 gSv, 
but creates 52.65 tonnes of Intermediate Level Waste (ILW) with a volume of 25.2m3 
in the foreground system per year. Furthermore, the production of these materials in 
the foreground system also has direct repercussions, increasing impacts arising from 
the background system. The MAGNOX r esults are even more striking, due primarily 
to the increased production of ILW in the foreground system; resulting in 79.5t of 
ILW with a volume of 38m 3. These are associated with Scenario Two, the 
encapsulation of 14C, and result in a CGD saving of 1.93 ýtSv. The primary 
background system operational impacts relating to the encapsulation of 14C in both the, 
THORP and MAGNOX studies stem from electricity generation and steel 
manufacture. There are some radiological impacts associated with these background 
operations (represented by the radioactivity figures in Tables 4.3 and 4.16). Although 
the impacts associated with these discharges cannot be calculated accurately, based on 
the Bq figures available, the foreground impacts are expected to be greater. The 
construction impacts associated with the MAGNOX plant are also extensive, but it 
has been confirmed that they are far outweighed by the operational impacts. 
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Furthermore, the financial implications of encapsulating 14C suggest that the 
application of such a technology for the abatement of 14C is disproportionate 
application of financial resources. 
Thus based on the LCA findings it would seem that the application of encapsulation 
abatement technology for the mitigation of 14 C arisings results in disproportionate 
environmental impact at other stages of the activity's life cycle, even though under the 
present regulatory framework, radioactive discharges take precedent and are 
consequently focused upon for impact reduction; see Chapter Two. This study has 
demonstrated ý that abatement of relatively small radiological impacts is associated 
with other impacts from interconnected activities in the background system which are 
often significant but ignored. It is imperative to consider the concept of an 
(environmental optimum', as defined in Chapter One, for the balance between 
mitigating radiological impacts and creating substantial non-active impacts in the 
background system, and potentially large volumes of waste in the foreground. 
Consequently, despite the radionuclide impact assessment issues, the application of 
the LCA methodology has demonstrated that it holds a number of favourable 
attributes as an environmental management tool within the nuclear sector. From the 
results presented within the case studies, it is clear that defining and quantifying the 
burdens and impacts associated, with mitigating discharges or optimising processes 
can provide valuable information for environmental decision-making. The results 
also demonstrate the value of a holistic approach, compared to one that is focused 
specifically upon one particular pollutant or environmental medium, making it 
apparent that different technologies for the abatement of a particular species will 
result in significantly different radiological and non-radiological environmental 
burdens. Effective environmental management of the nuclear industry, indeed all 
industry, requires the simultaneous evaluation and control of a wide range of impacts 
with the foreground and background systems. LCA is therefore an ideal 
environmental management tool as it can assist in prioritising discharge reductions, 
whilst simultaneously accounting for the additional environmental impacts created. 
However, judging by the dis-proportionality in the non-radiological and radiological 
impacts it is apparent that the socio-political aspects of decision-making are 
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influencing the decisions made by regulators, and LCA information in isolation will 
do little to alter this within a technocratic environmental decision-making framework. 
The findings in this study reinforce the arguments raised in Chapter Two concerning 
the need for effective valuation of the environment, and how such valuations should 
be factored into a suitably robust decision-making process. Thus, there is a need to 
develop more socially intelligent approaches for environmental decision-making 
within the nuclear industry, which can adequately account for the plurality of values 
relevant to decision-making in the nuclear sector. It is expected that the use of the 
LCA tool within this decision-making process would facilitate the understanding of 
technical and scientific aspects of a decision providing the information/options, upon 
which decision makers would make more informed decisions. As the information 
provided is more comprehensive than that from most environmental assessment 
techniques, it is hoped that a broader view would be taken with respect to the balance 
between radiological and non-radiological impacts which would promote 'better' 
decisions. 
In conclusion, this chapter has demonstrated an application of LCA for the* 
determination of the life cycle impacts posed by various abatement techniques for 
treating aerial arisings of Carbon-14 from the BNFL Sellafield site. In many ways the 
findings presented have reinforced the principal issues discussed in Chapter Three 
regarding the methodological challenges regarding the assessment of radionuclide 
impacts in LCA. Furthermore, and more interestingly, the study has reinforced many 
of the comments made in Chapter Two, regarding the separate legislation of 
radiological and non-radiological impacts, and the focus on radionuclide abatement at 
the expense of non-radiological impacts. This is due to social values influencing the 
decision-making process. Resultantly, Chapter Five explores the social aspects of 
decision-making, through investigating recent developments in the field of 
environmental risk communication, and investigating techniques currently available 
for the effective elicitation and inclusion of values into environmental decision- 
making. A final application of the thesis developed within these chapters is illustrated 
in Chapter Six where a research application of a deliberative approach to 
environmental decision-making, which utilises the LCA data generated from this 
study is conducted. 
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Chapter 5 
The-Elicitation & Inclusion of Values in 
Environmental Decision-making 
5.1 Introduction 
As introduced in Chapter Two, the traditional 'technocratic' consultation style in 
I environmental legislation has proved unsatisfactory and this has resulted in the 
environmental decision makers of today being faced with greater difficulties than ever 
before. Some of these difficulties are social and political in nature; they arise partly 
because of controversial, but deeply held views, onhow decision-making processes 
should be conducted and what their outcomes should be. Other difficulties are caused 
by uncertainties regarding how environmental and social systems will change, and 
also about future goals. Still other difficulties are caused by lack of resources; they 
arise partly because decision makers do not have the time or means to systematically 
analyse the problems they face (English et al, 2000). 
Some of these problems have been dramatically emphasised in a series of recent 
major controversies, for example the problems encountered by Shell (the Brent Spar 
disposal issue), Nike (the social conditions of labour found at Nike suppliers), 
Monsanto (the public acceptability of genetically modified crops (GMO)) and, most 
recently, the World Trade Organisation (WTO) (Delfgaauw, circa 1998). 
Furthermore, within the business world and especially with most major companies, 
there is a growing recognition that the societal role and responsibilities of business are 
significantly broader than traditionally understood and accepted, and that societal 
expectations are still in the process of evolving. 
Environmental problems are closely linked to those of protecting human health and 
safety through the language of risk. The threat posed by low probability, high 
consequence risk sources, the inequities associated with large scale technology, the 
potential for global deterioration and the decreased marginal value of economic 
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grpwi,, commodities have also contributed to, the ng sensitivity and awareness to 
technological risk (Hohenemser ct al, 1983). However, there is a general agreement 
that the original concept of technological/risk assessment, which *advocates the 
provision of comprehensive and balanced appraisal of scientific and technological 
developments, requires the evaluation of a much wider range of aspects than can be 
dealt with by scientific analysis alone (see RCEP, 1998). For one thing many 
sciences and technologies have far reaching and direct repercussions for individuals 
and society at large; hence there is a need to bring ethical, environmental and social 
implications into play. For another, the evaluation of scientifically and socially 
complex issues by expert bodies has come in for, increasing public criticism for 
lacking public accountability and disregarding viewpoints and interests other than 
their own (Joss, 1998). Thus, more and more decision, makers and affected parties 
engaged in solvingenviromnental problems are recognising that traditional decision- 
making strategies are insufficient (Renn et al, 1995). The criteria for successful 
decision-making (i. e. that which enhances corporate image) have changed, and an 
organisation is most likely to succeed in making better quality decisions, if it: (1) 
accepts that there are different ways of looking at issues; (2) acknowledges that the 
decision-making process should be more open; and (3) commits to almost painful 
levels of honesty and transparency throughout the decision-making process 
(Delfgaauw, circa 1998). 
In response, risk communication is evolving, albeit slowly, to recognise that these 
factors are important and need addressing. A key approach to addressing the 
limitations with the current risk communication approach is through the development 
of public participation within environmental decision-making. Participatory methods 
such as public comments and hearings are. now institutionalised components of 
environmental decision-making. However, current public involvement in decision- 
making is often reactive in nature, commonly occurring after a decision has been 
made. Moreover, many processes entail little actual hearing, are characterised by 
insufficient deliberation and involve only a small number of participants (Konisky, 
2001). However, operating on the periphery of current environmental policy making, 
several innovative processes deserve attention as potential alternatives or 
complements to traditional participatory methods. 
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This chapter highlights a number of kby issues that any environmental decision maker 
needs to be aware of. Initially the field of environmental risk communication is 
introduced, recent developments arc identified and it clarified why the elicitation and 
articulation of values are an integral component of any environmental decision- 
making framework. Following this, Neo-classical economics, Multi-critcria Analysis 
and deliberative and discursive techniques, proposed for the elicitation of 
environmental values, are reviewed and it is found that deliberative approaches are the 
most favourable. However, it is also found that there is limited empirical evidence of 
their application. 
5.2 Risk Communication 
Covello & Mumpower (1985) trace the origins of structured risk analysis and 
communication to the ancient Babylonians over five thousand years ago 82. They 
argue that much of human history is a story of communication about risks associated 
with natural hazards (e. g. floods, earthquakes, famine, and disease) in the forms of 
myth, metaphor, ritual, and folk discourse. However, environmental risk 
communication is a relatively new field of study (Covello & Mumpower, 1985; 
National Research Council, 1989; Krimsky & Plough, 1991; Sandman, 1986a). Prior 
to the early 1980s, very few articles appeared in the published literature regarding risk 
communication. However, since then, numerous risk communication articles and 
books have been published regarding procedures for enhancing the communication of 
environmental and healih risks to the public. Belsten (1996) argues that a number of 
different factors have influenced the development of the, environmental risk field: 
* First, since World War II, the World has seen a significant rise in the use of new 
technologies and in the manufacture of new products and chemical compounds. 
For example, Rosenbaum (199 1) highlights that between 1945 and 1965 alone, the 
American Chemical Society registered more than four million chemicals, and in 
the mid-1980s between six hundred and eight hundred of the tested chemicals 
92 In the Tigris-Euphrates valley about 3200 B. C. there lived a group called the Asipu. One of their 
primary functions was to serve as consultants for risky, uncertain, or difficult decisions; e. g. a risky 
venture, a proposed marriage; or suitable building site. This is the first recorded instance of a 
simplified form of risk analysis (Covello & Mumpower, 1985). 
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were suspected carcinogens., This proliferate use of chemical compounds in 
recent decades, along with the perception on the part of the public that many of 
these are toxic and hazardous substances, has evoked fear and dread (Sandman, 
1986b). This perceived fear and dread is a primary factor driving the need for 
effective risk communication. 
The second factor which has contributed to the evolution of environmental risk 
communication is the emergence of 'environmentalism', which began in the 1960s 
and 1970s, as a recognised social movement. 'Silent Spring' (1962) by Rachel 
Carson, which awakened the public to the dangers of DDT, arsenic, and other 
pesticides which accumulate in the environment and the human body, is often 
cited as launching the modem environmental movement. Thus concern for the 
environment has heightened in recent years. 
These factors, Belsten (1996) argues, gave rise to the third factor in the evolution 
of environmental risk communication: the decline in public trust and confidence in 
almost every major [American] institution. This is reinforced by the opinion of 
Laird (1989) who terms this phenomenon 'the decline of deference' and writes; 
'across the board, people have lost confidence in every profession and institution 
associated with risk management controversies: science, government and 
business. ' Thus, the public are often sceptical both toward the claims of 
businesses and governments that they can handle complex and dangerous 
substances/technologies responsibly, and also toward the statements of 
government officials that they can be trusted to protect the interests of the public. 
In response to these factors governmental agencies and businesses have adopted a 
technocratic approach to environmental risk communication, an approach which has 
failed miserably. The traditional approach to risk communication and environmental 
decision-making, decide-announce-defend (DAD), which has paralysed many 
decisions, is well surnmarised by O'Hare, Bacow and Sanderson (1983). The 
proponents of a decision initially make a series of scientific and technical 
assessments. Typically there is no interaction at this stage with those who will be 
affected by the decision, opting instead to solicit public comment after the decision 
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has been made. The technological study of the decision is then announced to the 
public; if there are alternative options they are presented in such a manner as to appear 
impossible. Because the public perceives that the decision has already been made, 
and they have no reason to believe that the decision makers' proponents will take their 
concerns seriously, significant opposition is heard at public meetings. If the 
opponents fail to stop the decision at the local level they then try at the government 
level (Owens, 2004). If they are unsuccessful in stopping the decision through the 
planning process they then try the court system. If the courts do not rule in their 
favour, they use political influence, possibly accompanied by civil disobedience. 
Thus, although the proponents of the project invest significant sums in engineering 
what they consider the best solution to the problem(s), opponents are often, and are 
becoming more, successful. Thus, environmental risk communication as typically 
practised is often, in reality, an attempt to gain public acceptance or compliance. 
A number of different proposals have been submitted and applied in order to address 
the issues with the regard to the current system. However, as Belsten (1996) explains, 
the majority of these approaches have resulted in limited success. For example, there 
are 'pre-emptive' methods (Portney, 1991), which entail a legislative authorisation for 
the decision maker within government which has no community representation and 
has the authority to overrule opposition to projects in the greater public interest of the 
general population. However, in actual practice, opponents have often been able to 
generate enough political influence to prevent a decision despite the legislative 
authority of the decision-making body. Another method, the 'limited local input' 
approach incorporates an element of opponent participation in the decision-making 
process. The theory behind this approach is that opponent input is one of the many 
different interests or points of view which need to be considered in decision-making. 
However, the approach has been met with limited success simply because it is limited; 
i. e. it is not representative of the public. Thus, Portney (1991) concludes that these 
political processes, which attempt to pre-empt opponent involvement in 
environmental decision-making often have restricted success. 
Anot her approach, economic compensation, which has been considered by O'Hare, 
Bacow, and Sanderson (1993) and Kunreuther, Kleindorfer, Knez, and Yaksick 
(1987), has also been met with disappointing results. The theory behind the approach 
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is that communities 'should be compensate& for the risks they bear; e. g. hosting a' 
hazardous waste facility. , 'However, offering'ýý financial compensation is often 
perceived as attempting to 'buy' community acceptance 83 . An alternative approach, 
in which communities submit sealed W6 indicating how much compensation each 
would require (the lowest bidder 'winning') in order to accept the project is oftem 
fruitless. In practice, communities ý opt, not to submit a bid at all because of the 
difficultk of designing a political -process capable of identifying and defending what 
an acceptable bid would be. 
It is argued that effective environmental risk, communication and, more recently, 
community collaboration and stakeholder ý involvement approaches can overcome 
many of these problems. Under the theory of risk communication proposed by 
Covello et al. ý (1986), risk communication problems arise from problems with the 
message, the source, the channel, or the receiver. For example, source problems can 
result from a lack of credibility in those, individuals delivering the risk information, 
I- from disagreements among scientific -experts, or from a lack of data. Message 
problems can result from highly technical risk analysis which is often unintelligible 
and poorly communicated to laypersons. * - Channel problems include biased media 
reporting or a poorly run public'hearing. -,, Receiver problems might include a desire 
(or demands) on the receiver's part for', scientific certainly or a difficulty in 
understanding scientific, technological, 'or quantitative risk assessment information. 
Krimsky and Plough (1988) were among the'first researchers to identify social, 
political, and cultural factors in the risk communication process. They suggested that, 
the term risk communication could have, either a narrow or broad definition. Their 
narrow definition consists of scientists , and technical 'experts' intentionally conveying 
information about health, and environmental. risks to a targeted audience of 'non- 
experts' in a one way manner through the use of quantitative models in which the 
83 However, it is interesting to note that the location of Sweaen's high level nuclear waste repository, 
which will be determined by the Svensk KAmbr5nslehantering (SKB), adopts this approach. The 
decision-making process encourages detailed public scrutiny and the host municipality will receive 
financial incentives, although they may have a right of v' eto (which, conversely, may be overridden in 
the national interest). After municipal referenda, one of three possible sites declined future 
investigation and SKB are currently investigating the remaining two sites; 6sthammar and Oskarshamn 
(Blowers, 1999). 
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environmental issues are usually cast in technical terms; i. e. the' technocratic 
approach. Within this definition technical controversy is often entrusted to experts, 
because it is perceived that 'the lay public cannot grasp the basis for decisions and 
their consequences'. 'Expert' perceptions of problems are judged to be more rational 
and more consistent with society's interests than the 'subjective' judgements of the 
less technically sophisticated public. It is assumed that the issues are too complex, the 
science too uncertain, and the need for objective rationality too great to allow the lay 
public a substantive role in making risk decisions. Thus, the public is depicted as 
more of an obstacle to overcome than an interest or collective judgement to serve. 
Thus, if the public reacts in opposition, the job of risk communication in the 
conventional sense is to focus on stronger risk assessment and sounder science; i. e. it 
is Perceived that the public has a desire for 'zero risk' and a 'thirst for certitude'. In 
response, these formal decision-making techniques have been polished, and allegedly, 
perfected (e. g. see Morino, 1989; RCEP, 1998) in order to more effectively 
communicate risk findings to the irrational public, so that the public accepts the 
judgements of the experts (Breyer, 1993; Graham & Baert Wiener, 1995). However, 
despite official efforts to establish the credibility and objectivity of these techniques, 
environmental decision-making remains a major source of controversy. This is 
because this approach to environmental decision-making assumes that all technical 
analyses are carried out well (without bias), that a well executed risk assessment will 
lead all honourable experts to agreement about risk, that the non-technical concerns of 
the public (e. g, the fairness of decision-making) are irrelevant or secondary, and that 
risk communication can therefore be one-directional instead of multidirectional, and 
technical instead of focused on values. Thus, while government officials, industry 
representatives, and scientists continue to complain that the public do not accurately 
perceive and evaluate risk information, individual stakeholders and representatives of 
citizen groups (not to mention the public) are often equally frustrated, perceiving risk 
communicators and risk assessment experts as being uninterested in their concerns 
and unwilling to take 'suitable' action to solve health and environmental problems. 
Consequently, decisions are aggravated by differences between the social rationality 
of lay people and the bounded rationality of experts. Both perspectives are rational 
(Renn et al, 1995) but the public are also concerned with the matters of process and 
fairness, as well as science. To take an example from the field of risk, research shows 
209 
Chapter 5 
that public perception of probabilities and risks differs considerably from professional 
analysis (Table 5.1). 
Table 5.1 Perceived Risks for Different Activities and Technologies* 
Activity or 
Technology 
League Of 
Women 
College 
Students 
Active Club 
Members 
Experts 
Nuclear Power 1 1 8 20 
Motor Vehicles 2 5 3 1 
Handguns 3 2 1 4 
Smoking 4 3 4 2 
Motorcycles 5 6 2 6 
Alcoholic Drinks 6 7 5 3 
General Aviation 7 15 11 12 
Police Work 8 8 7 17 
Pesticides 9 4 15 8 
Surgery 10 11 9 5 
Fire Fighting I1 10 6 18 
Large Construction 12 14 13 13 
Hunting 13 18' 10 23 
Spray Cans 14 13 23 26 
Mountain Climbing 15 22 12 29 
Bicycles 16 24 14 15 
Commercial Aviation 17 16 18 16 
Electric Power 18 19 19 9 
Swimming 19 30 17 10 
Contraceptives 20 9 22 11 
Skiing 21 25 16 30 
, X-rays 22 17 24 7 
College Fooýball 23 26 21 27 
Railroads' 24 23 29 19 
Food Preservatives 25 12 28 14 
Food colounng 26 20 30 21 
Power Mowers 27 28 25 28 
Prescriptive antibiotics 28 21 26 24 
Home Appliances 29 27 27 22 
Vaccinations 30 29 29 25 
*I being highest (Source: Slovic, 1987) 
If the risk communication process is restricted to a discussion of probabilities and 
consequences, a wide range of risk perception factors are ignored. This includes the 
source of the risk information, ' the style of presentation, the dimensions of risk such as 
whether it is voluntarily assumed or involuntarily thrust upon a set of individuals and 
whether the risk is natural or human-created, familiarity or unfamiliarity, controlled 
by affected stakeholders or by some external decision-making authority, and so forth 
(Sandman, 1986a; 1991). 
As a result, it is incredsingly being recognised that effective enviromnental risk 
management may not be so much technical or economic as political; i. e. dependant 
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upon the way people view their relationship to institutions making collective decisions 
about environmental risk and their capacity for influencing those decisions. Therefore 
it is necessary to place a greater emphasis on the interactive nature of human 
communication and the need to involve members of a community in a meaningful 
fashion in the decisions which affect them. As Fischhoff (1981) states; 'citizens in a 
democratic society will eventually interfere with decisions in which they do not feel 
represented'. It seems that each attempt to take the public out of decision-making 
only expands the arena of public debate, albeit in a negative manner. In response 
Sagoff (1998). argues that 'what is required is an instrument that helps respondents to 
construct value judgements through reasoned dialogue and argument about evidence 
and different points of view'. However, environmental risk studies often ignore this 
aspect of risk problems and their solutions (Fiorino, 1990). 
in light of these factors Krimsky and Plough's (1988) broader definition of risk 
communication takes a much more qualitative approach which identifies it as a social 
process, identifying and addressing political and cultural factors. They argue that 
opponents to many projects talk of 'victims' and 'real people' and use the language of 
, rights', emphasising moral issues and questions of social responsibility, justice and 
obligation. Thus, as Raynor and Cantor (1987) put it, people's key question is not 
'How safe is safe enoughT but 'How fair is fair enoughT. People are concerned 
about matters of process and fairness, such as the procedures used for obtaining the 
collective consent from people bearing the consequences of an action, the principles 
used to apportion the liabilities, and whether or not the decision-making institutions 
are worthy of fiduciary trust. This final issue, that of trust, is key to risk 
communication. 
It is argued (Slovic, 1993) that the limited effectiveness of risk communication efforts 
can be attributed to a lack of trust. Once lost, trust is very hard to regain because of 
the psychological tendencies to notice, believe and give more weight to trust- 
destroying than to trust-building information. In addition, social factors, such as the 
tendency of the media to favour bad news and of some special interest groups and 
individuals, to encourage distrust in order to influence decisions, feed distrust once it 
exists (Slovic, 1993). If a risk manager is trusted, then communication will be 
relatively easy. If trust is lacking, no form or process of communication will be 
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satisfactory. Thus, trust is an important, commodity, -possibly the most valuable 
commodity when working with others, and is therefore arguably more fundamental to 
conflict resolution than the content of - the . risk communication. A key issue in 
building trust is the competence and integrity of the decision makers as perceived by 
the decision advisors, actors and receiver. ý Thus the' likelihood of good decisions is 
increased if there is trust between these parties. The most effective approach to trust 
forrnation is through effective risk'communication which focuses on the process and 
integrity of the communication and -less On the qualitative and scientific assessments 
of risk. 
In response to these -arguments the most, commonly cited definitions of risk 
communication today recognise that environmental : risk communication is, most 
fiindamentally, a multi-way communication process. For example, the National 
Research Council (NRC; 1989) defines risk communication as 'an interactive process 
of exchange of information and opinion among individuals, groups and institutions. it 
involves multiple messages about the nature of risk and other messages, not strictly 
about risk, that express concerns, opinions or reactions to risk messages or to legal 
and institutional -arrangements . for risk -management'. By contrast the earliest 
definitions and theories of risk communication : addressed the issue of designing a 
better message, 'one which would furnish the lay public with information to convince 
them to agree with the experts. ' The NRC emphasises that risk communication is 
successful to the extent that it 'raises the level of understanding of relevant issues or 
actions and satisfies those involved that they are adequately informed within the limits 
of available knowledge'. It is suggested that, a good starting point for problem 
resolution is a shared viewpoint of the problem among the various parties and that 
citizen participation programs foster opportunities for joint problem definition and 
partnership in problem solving. Thus, the field of risk communication has developed 
extensively over the last twenty years from a scientific or objective approach to risk 
communication (i. e. the technocratic approach) to a process that gives consideration to 
the social factors of, risk communication. This trend is well summarised by 
Fischhoff's (1995) 'development stages in. risk management' (Table 5.2) which 
highlights the issues associated with developing understanding of the basis of public 
perceptions of risk and the factors underpinning the failure of scientific and expert 
presentation. 
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Table 5.2 The Development of Risk Communication 
Development Stage Explanation 
All we have to do is get the numbers Focus on risk assessment as a technical tool. 
right. 
All we have to do is tell them the Start of communication - getting the message across. 
numbers. 
All we have to do is explain the Concern that communication is hampered by uncertainty, 
numbers. and difficulty of explaining probabilities. 
All we have to do is show them they Reliance on risk comparisons in mistaken belief it will 
have accepted similar risks in the past. make it easier for people to compare with other risk they 
are familiar with. 
All we have to do is show them it's a View that people make cost-risk decisions. Start to see a 
good deal. move away from a discussion focused only on the physical 
risks. 
All we have to do is treat them nicely. Emergence of the 'good neighbour' approach - trust 
becomes an issue. 
All we have to do is make them Lack of trust in decision makers makes people want to 
partners. have a more direct impact on decisions. 
We must do all of 1-7. Full complexity of risk communication recognised. 
(Source: Fischoff, 1995) 
From this discussion it is possible to highlight that successful environmental risk 
communication entails a high level of inclusiveness in decision-making processes. 
Thus the key to effective risk communication is not 'Decide-Announce-Defend' 
(DAD) 84 which is epitomised by the one-way transmission of information from 
texperts' to the public with no opportunity for the public's concerns or values to be 
heard and no intention of listening or responding to public input. Instead, risk 
communication can more realistically be defined as 'Meet-Understand-Manage' 
(MUM) where the active participation of opponents in the decision-making process is 
actively encouraged. For environmental risk communication to be successful, 
traditional decision makers must be willing to share the decision-making power and 
accept that decision-making is as much influenced by values as it is by quantitative 
scientific factors. 
5.3 Tools for Identifying Environmental Values 
Values are an essential element in the decisions about environmental policies and 
standards (RCEP, 1998). Thus, it is important to realise that decisions in relation to 
the environment can never be based on science and economics alone. Whatever role 
these disciplines must play referral to questions of values will be required and the 
84 Somctimes rcferred to as Decide-Announcc-Defend-Abandon' (DADA). 
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exercise of practical judgement in decision-making is paramount (O'Neill, 1997). In 
response the Royal Commission on Environmental Pollution (RCEP) recommended 
within their 21't report that environmental decisions must be based on the scientific 
evidence and an analysis of technological options, but they must also take into 
account risks and cost, and be informed by values (RCEP, 1998). 
However, in many instances environmental systems are often complex and uncertain 
and the nature and dynamics of most environmental issues impedes the effectiveness 
of value identification and measurement. Thus, the identification of environmental 
values can be viewed from the perspective of 'post-normal science' as facts are 
uncertain, values in dispute, stakes high, and decisions urgent (Funtowicz & Ravetz, 
1993)85. The traditional distinction between 'hard', objective scientific facts, and 
'soft', subjective value judgements is now inverted. All too often, hard decisions 
must be taken, where scientific inputs are irremediably 'soft' in the sense that they are 
insufficiently reliable to provide conclusive support for a decision. Science can 
provide valuable information and knowledge, but areas of uncertainty will remain (De 
Marchi, 2001); thus, environmental decisions must involve much more than science. 
What people care about constitutes their values. Some of these values directly 
involve features of the natural environment, economic, social, or health and safety 
concerns. Concern for environmental values -has become far more significant in 
recent years and there is extensive literature on 
-the 
identification and articulation of 
values. However, it is crucial to realise that there is considerable confusion 
surrounding the definition of values, and it is central that this distinction between 
values and preferences be clear. 
" Classical science and conventional problem solving techniques are commonly labelled 'normal 
science' (see Kuhn, 1970). However, Funtowicz and Ravetz (1993) postulate the notion of post-normal 
science in recognition that conventional approaches work well for a specific set of problems, but 
outside that realm they become insufficient. The domain of post-normal perspectives addresses 
problems involving high uncertainty and high decision stakes; these are exactly the characteristics 
which pervade many environmental issues. Ravetz (1999) defined post-normal science as "going 
beyond the traditional. assumptions that science is both certain and value-free, it makes system 
certainties and decision stakes the essential clement of analysis. It distinguishes between 'applied 
science' where both dimensions are low and 'professional consultancy' where at least one is salient. 
Thus, the science that is employed to resolve concerns at this level must be based on assumptions of 
unpredictability, incomplete control, and a recognition of a plurality of legitimate perspectives. " 
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Many individuals believe that values can somehow be treated or represented in the 
same terms and on the same metric as prefqrences. However, the main issue with 
environmental values rests on the contention that certain moral obligations or values 
have a character and logic which is different from the character and logic of 
preferences. Nevertheless, values are often treated as preferences - an issue that has 
contributed to the many problems inherent in environmental decision-making. 
The philosopher Mark Sagoff has written extensively in support of an 
environmentalism that is based on political and moral factors and argues that there is a 
logical mistake in mixing preferences and values. Preferences can measure the 
intensity with which we hold our beliefs; however preferences cannot evaluate those 
beliefs on their merits. , Tbus, taking an ecosystem as an example, preferences are 
usually associated with specific ecosystem services, not with ecosystems themselves; 
whereas, the value of an ecosystem might be defined in terms of its beauty, its 
uniqueness or its irreplacability. In his argument, Sagoff (1988) cites Watson (1975) 
in illuminating the distinction put forth between values and preferences; who writes: 
'the valuation system of an agent is that set of considerations which, when combined 
with factual beliefs yields judgements of the form: the thing for me to do in these 
circumstances all things considered is... However, the motivational (preference) 
system of an agent is that set of considerations that move individuals to actions. ' In 
other words, our values account for our mental conclusions - our presumed knowledge 
of what is best to do in a given circumstance - whereas motivations (preferences) 
account for our actual behaviour. Many techniques, Sagoff (1998) notes, can measure 
the strength or intensity of our preferences but do not tell us anything substantive 
about the merits of values. 
The distinction between preferences and values has also been highlighted in the 
distinction between 'citizen' and 'consumer' values. Sagoff (1988) writes: as a 
citizen, I am concerned with the public interest, with the good of the community; 
however, in my role as consumer I concern myself with personal or set(Iregarding 
wants and interests; I Pursue the goals that I have as an individual. I put aside the 
community-regarding values I take seriously as a citizen. Thus, a citizen's decision is 
made using values; however, as consumers individuals rely on preferences to guide 
their decisions. In order to highlight this important point it is necessary to distinguish 
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between the instrumental (Utilitarian 86 and rule-based (Kantian 87) conceptions of 
decision-making 88 
The utilitarian framework emphasises the consequences of choice for prior preference. 
The opposing Kantian approach, which has philosophical roots in the moral theory of 
the eighteenth century German philosopher Immanual Kant (1724-1804), emphasises 
principles, institutions, and procedures seen as appropriate to a problem at hand. It 
identifies rules appropriate to recognise situations given the -identity of the decision 
maker and relies on dFmocratic political process and institutions to provide the means 
by which citizens determine the identity of their community. Consequently, whereas 
utilitarians base environmental decisions on the principle of maximising the long-run 
benefits, the Kantian approach regards decisions as moral obligations, which involve 
judgements a person makes from an objective or universal point of view that 
something is good or bad, right or wrong. The utilitarian principle appeals to 
common sense. The Kantian approach to valuation, in contrast, is often interpreted as 
relying upon processes associated with representative democracy, through which 
society enacts rules that reflect its identity and establish aspirations. For example the 
focus on procedure rather than outcome of deliberative processes was one of the key 
points highlighted by JOrgen Habermas, the influential German philosopher, in his 
86 Utilitarianism is an approach to morality that treats pleasure or desire-satisfaction as the sole element 
in human good and that regards the morality of actions as entirely dependent on consequences or 
results for human (or sentient) well being. Utilitarianism has its origins in late seventeenth-century 
Britain, received its 'classical' formulations in the work of Bentham (1789), Mill (1836), and Sidgwick 
(1874), and has continued to have a prominent place in the English-speaking philosophical world up to 
the present day. Utilitarians discard social conventions in favour of treating human well being or 
happiness as the touchstone for all moral evaluation. Thus, utilitarians determine an act as morally 
right, or not wrong, if it produces as great a balance of pleasure over pain as any alternative action open 
to the agent; i. e. the greatest happiness of the greatest number (Honderich, 1995). 
87 Kantian ethics, commonly referred to as deontological ethics, are moral theories according to which 
certain acts must or must not be done, regardless to somp extent of the consequences of their 
performance or non-performance (the Greek dei = one must). According to teleology or 
consequentialism, as commonly understood, the rightness or wrongness of any act depends entirely, 
upon its consequences. Teleological explanations (from the Greek word for goal, task, completion, or 
perfection) attempt to account for things and features by appeal to their contribution to optimal states, 
or the normal functioning, or the attainment of goals, of wholes or systems they belong to. Deontology 
is seen in opposition to consequentialism in that certain acts are right or wrong in themselves. 
Deontologists tend to concentrate on those acts which are wrong, so, according to deontologists, 
promise-breaking is wrong independently of its consequences; i. e. its wrongness does not depend 
solely on any bad effects promise-breaking may have. However, a consequentialist - in particular an 
act-consequentialist - will tend to claim that one should act in whatever way will bring about the best 
state of affairs (Honderich, 1995). 
88 For a thorough review of these two decision-making conceptions see Sagoff (1996). 
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Theory of Communicative Action (1987). Habermas believed that practical issues of 
the social life of modem (post-modem) society, including the issue of social conflicts, 
could be solved through rational discourse among people. In response Habermas 
developed 'rules for discourse' and argued that universal communication ethics and 
adequate democratic procedures were necessary. Thus, the Kantian approach denies 
that maximising social welfare is the goal of environmental decision-making. 
Kantians insist that decisions making should respond to human values which include 
moral principles and not just preferences. Sagoff (1988) highlights the utilitarian and 
Kantian/citizen and consumer distinction by defining his argument in the terms of 
social and economic regulation (Table 5.3). 
Table 5.3 Sagoff's Four Fundamental Distinctions 
Social Regulation Economic Regulation 
Concept of a person Citizen Consumer 
Concept of worth Values Motives (preferences) 
Purpose of politics Serve Public Interest Serve Individuals' Interests 
Notion of rationality Epistemic virtues . Methodologies 
. Consequently, there is a clear distinction between the individual's role as citizen in 
which one is concerned with the public interest and the good of the community, and 
their role as consumer in which one is concerned with personal or self-regarding 
wants and interests and individual goals. Citizens" preferences are judgements about 
'what we should do', while consumer preferences are expressions of 'what I want'. 
No single preference map combines these two very different kinds of statements. It is 
a mistake to expect individuals to behave as consumers rather than citizens in regard 
to their expression of values. 
A 
Thus, the distinction between values and preferences is an issue of principle. Whilst 
people may sell or simply give up the things that they just prefer, things which are 
valued cannot be thought of, or dealt with, in quite the same way. Values are morals 
that cannot be treated, and thereby weighted against, other benefits (Banner, 1999). 
Treating all commitments as simple preferences, albeit with varying degrees of 
strength, is a mistake (Sagoff, 1988); it is a systematic misrepresentation of 
characteristic patterns of thought about the environment (Banner, 1999). 
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Thus values are understood to be beliefs, either, individual or social, about what is 
important in life. Once formed, the RCEP (1998) argue, such beliefs may be durable. 
However it is also characteristic that they may be formed and modified as a result of 
information and reflection: individual values are not necessarily fixed, but emerge out 
of debate, discussion and challenge as they encounter new facts, insights and 
judgements (RCEP, 1998). Consequently, several lines of research in cognitive 
psychology and behavioural decision-making analysis indicate that people generally 
have only broad basic values. As a result, when people are unfamiliar with the object 
in question they are more likely to express preferences that are highly 'constructed' 
and sensitive to a wide variety of task and context factors (Schkade & Payne, 1993). 
Thus true values for issues of any complexity and novelty (e. g. those concerning the 
environment) do not exist beforehand but are often con structed during the elicitation 
process (Fischoff, 1991; Slovic, 1995; Sagoff, 1998). In response Fischhoff (1991) 
describes a range of philosophies regarding values (Table 5.4)89. At one end of the 
spectrum is the philosophy of articulated values which holds that people have well 
differentiated values; in other words it supports the assertion that 'People know what 
they want about all possible questions (to some precision)'. Consequently, this 
approach assumes that people can simply be asked questions and their responses used 
directly to determine their values; such a philosophy is adopted in the application of 
survey techniques, such as those applied in Contingent Valuation (CV) in Cost benefit 
analysis (CBA) (see Table 5.5 and section 5-4). At the other end of the spectrum lies 
the philosophy of basic values which holds that people lack well differentiated values 
for all but the most familiar of evaluation questions. In other words it supports the 
assertion that 'People lack articulate values on specific topic (but have pertinent basic 
values)'. Consequently, individuals must construct specific valuations from some 
basic values. The clearest example of this latter perspective might be found in the 
field of decision support (e. g. Multi-Criteria Analysis (MCA)) which provides a 
systematic framework for eliciting and integrating the multiple dimensions of 
complex values (see Table 5.5 and section 5.5). 
81 Slovic (1995) also lists three similar views regarding the nature of values. The first sees values as 
existing, the second sees people as knowing their values and preferences directly and the third see 
values and preferences being commonly constructed during the process of elicitation. Both analyses 
are essentially the same and both underline the important, and essential, distinction between values and 
preferences necessary for decision-making. 
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Table 5.4. Three Paradiams for Value Elicitin 
Worry Treatment Theoretical base Test of success 
People know what they want about allpossible questions (to someprectsion) 
Inappropriate Examine interpretation, Non-verbal Full specification, 
default assumptions specify more, communications, empathy with 
manipulate experimenter-interviewer subjects 
expectations effects, psycholinguistics 
Inappropriate Use good English, Survey techniques, Sensible answers, 
interpretation of consensual terms linguistics consensual 
stated question interpretation of 
terms 
Difficulty in Choose correct response Psychometrics, Consistency 
expressing values mode measurement theory (reliability of 
representation) 
Strategic response Proper incentives, neutral Microeconomics, demand Sensible answers, 
context characteristics non-response to 
"irrelevanf' 
changes 
People have stable but incoherentperspectives, causing divergent responses to 
formally equivalentforms 
Deep consistency in 'Looking for trouble'; Framing theory, new Non-response to 
methods across multiple method in psychophysics, multiple irrelevant changes 
studies (failing to different studies disciplines, anthropology 
reveal problem) 'Asking for trouble'; 
open-ended questions 
Eliciting values Multiple methods within Same as above, Inability to elicit 
incompletely study, open ended counselling skills more 
Inability to Talking through Normative analysis, Unpressured 
reconcile implications counselling skills consistent response 
perspectives to new perspectives 
People lack articulate values on specific topic (but have pertinent basic values) 
Pressure to respond Measure intensity, allow Survey research, social Satisfaction, 
no response, alternative psychology stability among 
modes of expression remainder 
instability over time Accelerated experience Attitude formation, Stable convergence 
behavioural decision 
theory 
Inability to relate Client-centred process Normative (re)analysis Full 
characterisation 
Undetected Ask formally different Normative analysis Proper sensitivity 
insensitivity questions 
(Source: Fischhoff, 1991) 
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Table 5.5 Common Tools for Elicitinp. Environmental Values 
Tool Use Strengths Weaknesses 
Neo-classical Economics 
Market Based: 
" Avoided Cost Assigns economic Estimates cost Some resources 
" Replacement Cost cost to environmental directly related to irreplaceable; ignores loss 
Substitute Cost damages. the damage of use before replacement; 
resource. measures costs rather than 
value. 
Revealed Preferences: 
Travel costs Assigns economic Works well when Trips often have multiple 
value to resource distance to site is objectives; confuses 
based on visitation. key for estimation payment (expenditures) 
of benefits. with value. 
Hedonic pricing Assign economic Can expand market Difficult to identify 
worth to component prices to non- contribution of various 
of resource values. market non-market factors; 
environmental reflects market prices 
amenities. rather than values. 
Expressed Preferences: 
Contingent Places economic Derives numbers Value estimates subject to 
valuation value on a resource that can be biases; measures gains 
not sold in compared to other only-, confuses economic 
conventional markets. economic and other motives. 
valuations. 
Multi Criteria Analysis (MCA) 
Analytical Hierarchy Derives weights and Both AHP and Criticised regarding 
Process (AIIP) the scores achieved on MAU17 can theoretical validity; 
pair-wise comparisons articulate across normalising procedure and 
between criteria ecological, ambiguous nature of 
options. economic and ranking. 
Multi-attribute Derives weighted score social factors and Expert based; relies on 
Theory Analysis for individual values on they focus attention preferences; expensive; 
(MAUT) an interval scale, best on the structure of resource/time consuming. 
option scores highest. decisions. 
Deliberative Techniques 
Focus Groups Up to a dozen Obtains qualitative Primarily a one-way 
randomly chosen information on technique; uninformed 
people discuss a perceptions, participants produces 
subject with a feelings and superficial discussion. 
facilitator. opinions. 
Citizens'jury Small group of people Involves citizens in Expensive, not suitable for 
consider an important detailed all issues, difficulties in 
question in relation to consideration of defining question(s) and 
planning or policy. complex issues and not representative. 
allows deliberation. 
Consensus Small group of people Aims to seek An elaborate process 
Conferences consider technological consensus after which is resource intensive 
and scientific issues. detailed and not representative. 
consideration of an 
issue. 
Deliberative Polls Large group of people, Provides bo5; 
representative of pop., informed and 
consider an issue. representative 
values. 
This selection of deliberative techniques is taken 
Expensive, resource 
consuming; limited 
qualitative information 
obtained. 
from the RCEP 21" report (1998) 
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Thus in complex situations, such as valuing the environment, values are often 
constructed and a variety of methods (heuristics) are used to construct preferences and 
the method used is contingent upon problem (task and context), person (knowledge, 
ability, goals), and social context (accountability, group membership) factors that 
impact both cognitive and emotional difficulty of decisions. Fischhoff (1991) has 
interpreted this analysis by proposing a possible set of conditions favourable for the 
articulation of values: personally familiar (time to think); personally consequential 
(motivation to think); publicly discussed (opportunity to hear, share views); few 
consequences (simplicity); similar consequences (commensurability); certain 
consequences (comprehensibility); diverse appearances (multiple perspectives); and, 
direct relation to action (concreteness). It appears that these conditions are most 
commonly addressed through the application of the deliberative techniques (Table 5.5 
and section 5.6). 
Consequently, the construction of preferences means that preference measurement is 
best viewed as architecture (building a set of values) rather than as archaeology 
(uncovering existing values) (Fischoff, 1991). Thus, the complexity of environmental 
valuation requires a deliberative, thoughtful process of value construction across 
multiple dimensions and across multiple metrics in order to help individuals arrive at 
an informed decision. In response to these issues Payne et al (1999) have argued and 
proposed that a 'building code' for preference measurement is needed in a world in 
which many expressions of preference are constructed when people are asked a 
valuation question (Payne et al., 1999). Payne's 'building code', describes the 
potential faults in the process of preference construction, offer guidelines for 
measuring constructed preferences to mitigate these faults, and discuss how the code 
must be sensitive to the purpose of the valuation. 
In light of this discussion the neo-classical economics (i. e. Cost Benefit Analysis 
(CBA)), decision support (e. g. Multi-Criteria Analysis (MCA)), and deliberative and 
discursive (deliberative decision-making) approaches for identifying, measuring and 
comparing the 'values' of environmental assets have been investigated; see Table 5.5. 
However, it is important to highlight that because MCDA is the process selected as 
the basis for this research in later chapters it is given the most detailed attention in this 
Chapter. 
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5.4 Neo-classical Economics II 
Many environmental, economic and management issues centre on means of aligning 
incentives and restraints - allocating resources,, assessing damages, weighing trade- 
offs, and generally getting 'prices' right -'that- are consistent with community 
preferences and objectives. Much attention has consequently focused on valuations, 
and in particularly on assessing economic as well as non-economic values in 
monetary terms. 
The dominant analytical model used to make decisions within the neo-classical 
economic approach is Cost Benefit Analysis (CBA). CBA is an appraisal of an 
investment project, which attempts to incorporate all social and financial costs and 
benefits accruing to the project in order to evaluate and decide whether a proposed 
decision should proceed; i. e. do the benefits exceed costs? In the neo-classical 
approach environmental effects are intemalised into decision-making in the sense of 
optimal use or Pareto optimality 90 in resource allocation. By pricing the non-market 
environmental effects and bringing them alongside market values it is argued that it is 
possible to determine the total economic values. The approaches most commonly 
adopted to achieve this evaluation can be classified under three headings: Market 
based; Revealed preference; and Expressed preference; summarised in Table 5.6 
These approaches are outlined and further discussed in Appendix K. 
CBA promises ýa means, of bringing the - diverse elements of the situation under a 
common measure and hence, by rendering them commensurable, a means of arriving 
at a determination of the best way forward (Pearce, 1989). However, whilst neo- 
classical economics; and cost-benefit analysis in particular, may seem useful for the 
elicitation of values and, consequently for formulating the basis of environmental 
decisions, it has inherent problems and it is argued that this has lead to many of the 
problems concerning decisions now faced by decision makers. There are two general 
issues with CBA (Banner, 1999); the first issue is essentially practical and relates to 
90 Pareto optimality, developed by Vilfredo Pareto (1848-1923), is the most widely accepted criterion 
of economic efficiency. A state of a given system (e. g. a distribution of a given quantity of goods) is 
Pareto optimal, and thus efficient, if and only if there is no f6sible alternative state of that system (e. g. 
no feasible alternative distribution of those goods) in which at least one person is better off and no one 
is worse off. 
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the ability of CBA to gather the information it requires to compare different courses 
of action., Most importantly the analysis will hold uncertainties, which affect any 
attempts to peer into the future of systems as complex, sensitive, and imperfectly 
understood as ecosystems. Therefore in many cases, CBA cannot be used to prove 
that the economic benefits of a decision will exceed or fall short of the costs. 
Secondly, there are problems associated with the principles of CBA which focuses on 
the question as to whether such analysis represents, or misrepresents, environmental 
values. If the results of CBA were to determine or at least suggest the right course of 
action, values would need to be assigned to each consequence of an activity; this, as 
outlined in Appendix K in particular, is impossible: there are no existing common 
measures for many of the goods and harms which are in question, especially when it 
comes to environmental matters. 
Table 5.6 Commonly Applied Economic Environmental Valuation Techniques 
Technique Summary 
Market based These approaches include techniques such as Damage Cost Avoided (DCA), 
Replacement Cost (RC), and the Substitute Cost (SC) Methods. These 
methods are commonly used to estimate values of ecosystem services based 
on either the costs of avoiding damages due to lost services, the cost of 
replacing ecosystem services, or the cost of providing substitute services. 
The methods are based on the assumption that, if people incur costs to avoid 
damages caused by lost ecosystem services, or to replace the services of 
ecosystems, then those services must be worth at least what people paid to 
replace them. 
Revealed preference These approaches are those that aim to use observed behaviour in real 
marýets to determine the value of environmental goods. The techniques are 
indirect methods that assume a relationship between environmental goods and 
marketed goods, all other things being equal, for estimating the value of non- 
market goods, which utilise the complementarity of market and non-market 
goods and studies people's behaviour to determine their preferences. There 
are two distinct approaches; the Travel Cost Method (TCM) and the Hedonic 
Pricing Method (HPM). 
Expressed Preference These approaches identify environmental values by openly asking people 
about their preferences and use the answers as an indication of their values. 
By far the most common direct economic approach is that of Contingent 
Valuation (CV), which is used to present a hypothetical market for an 
unpriced environmental item to determine the maximum price individuals 
would pay either to buy the item or to avoid the item. 
Nonetheless, neo-, classical economics has attempted to solve these problems through 
developing Contingent Valuation (CV). CV is referred to as a 'stated preference' 
method as it asks people to directly state their values, rather than inferring values from 
actual choices as the 'revealed preference' methods do. In some cases, people are 
223 
Chapter 5 
asked for the amount of compensation they would be willing to accept to give up 
specific environmental services. It is called 'contingent' valuation because people are 
asked to state their willingness to pay, contingent on a specific hypothetical scenario 
and description of the environmental service. The technique is popular and CV 
studies have the advantage of allowing respondents to aggregate the various types of 
benefits (non-user as well as user value). The fact that CV is based on what people 
say they would do, as opposed to what people are observed to do, is the source of the 
technique's greatest strengths and weaknesses and is a subject that debated constantly 
in the literature. Economists (e. g. Diamond & Hausman, 1993), Psychologists (e. g. 
Slovic, 1995), Sociologists (e. g. Fischhoff, 1991), and Philosophers (e. g. Sagoff, 
1998) for many conceptual, empirical, and practical reasons, do not believe the cost 
estimates that result from CV are valid. This is because CV attempts to represent 
people's valuations of the environment in the same terms as their valuation of 
ordinary market goods which, as highlighted in section 5.2, is a mistake because it 
fails to account for the construction of values. Consequently, CBA overlooks the 
important distinction between preferences and values, treating all commitments as 
simple preferences. Considering the lack of training and insight of individuals, the 
requirement to place monetary values on environmental goods and services places 
unrealistic cognitive demands upon respondents during CV studies (Gregory et al., 
1993). Thus it is likely that CV when used to value novel or unfamiliar goods will 
evoke poorly constructed rather than well-articulated preferences (Schkade & Payne, 
1993), and as discussed'in section 5.3, a variety of methods. (heuristics) are used to 
construct preferences. Thus, it is implied that expressed judgements and choices are 
highly reliant upon seemingly minor changes in these factors; e. g. Invariance, 
Embedding and Ordering, Anchoring, and Attraction effects (see Appendix K). CV's 
disclomfort with certain sorts of responses to enquiries is simply an instance of the 
general inability'of CBA to acknowledge the construction of values. Hence the 
technique does not serve as an adequate means of recognising such environmental 
concerns, but only of systematically misrepresenting them (Banner, 1999). The neo- 
classical approach to value elicitation, because it is essentially utilitarian, denies the 
important distinction between values and preferences. 
Nonetheless, it is still necessary to make choices in the public sphere between 
different and competing policies and options not least, but not only, because of 
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constraints on, resources. If single decision-making processes do not provide an 
adequate method of settling these questions, what method or process should be 
preferred? (Beckman & Pasek, 1997). This, on reflection, is a simple question to 
answer; one that accounts for the multiplicity of values that are inherent in 
environmental decisions. 
5.5 Decision Support Systems 
Decision support systems are essentially those systems that are used to structure the 
decision-making process. Techniques such as Multi-Criteria Analysis (e. g. the 
Analytic Hierarchy Process (AHP) and Multi-attribute Utility Theory (MAUT)) 
emanate from the decision support field. The techniques are based on decision/value 
trees or hierarchies where objectives or criteria can be traded and compared across 
different dimensions of Value using rating, ranking and paired comparison methods to 
assess the alternatives against a chosen set of criteria. 
The application of value trees highlights the conflict amongst the objectives, and this 
can lead to refining their definitions. An example of such a value tree,, that has been 
developed for use within the BNFL Decision-making Methodology (DMM) described 
explicitly in Chapter Six, is presented in Figure 5.1. 
Figure 5.1 The BNFL Decision-Making Methodology Value Tree 
DECISION 
Env&Safety Technical Economic 
Rad Impact Nuisance : Accident risk, ' 2nd wastes : Compatibility: Ufetime cost 
Chem Impact Resource Work dose Conv Safety Confidence ImpImnt time 
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The most important trade-off between the objectives appears at the top of the 
hierarchy. Thus, within the BNFL example, the very top objective, the 'Decision', is 
the overall result, taking all lower objectives into account; i. e. Environmental and 
Safety, Technical, and Economic objectives. The next level down shows that eight 
objectives have been clustered under the higher-level Environment and Safety 
objective, with three under the Technical objective. There are no sub-objectives for 
the Economic criteria (i. e. it is represented solely by lifetime costs), ' so this objective 
also serves as a criterion. 
The MCA techniques are characterised by a finite number of alternative plans or 
options and have the capacity to aid decisions that are inherently multi-objective and 
that are characterised by multiple criteria. Thus, the approach makes a much larger 
range of social values commensurable in the sense of weak comparability; 'i. e. it does 
not require the quantification of all values, and caters for the application of more than 
one criterion to the task of judging performance without resorting to a single scale of 
value such as that adopted within the CBA approach (Martinez-Alier et al, 1999). 
MCA establishes preferences between options by reference to an explicit set of 
objectives that the decision-making body has identified, and for which it has 
established measurable criteria to assess the extent to which the objectives have been 
achieved. The main role of the techniques is to deal with the difficulties that human 
decision makers have been shown to have in handling large amount of complex 
information in a consistent way (ODPM, 2001)91. The techniques can be used to 
identify a single most preferred option, to rank options, to short-list a limited number 
of options for subsequent detailed appraisal, or simply to distinguish acceptable from 
unacceptable possibilities. 
MCA covers a wide variety of methods used to enhance decision-making and their 
number is on the increase, and there are several reasons for this growth: there are 
many different types of decision which fit with the broad definition of the MCA; the 
time available to undertake the analysis may vary; the amount or nature of the data 
91 This reference was originally published by the Department of Transport, Local Government and the 
Regions (DLTR), formerly the Department of the Environment, Transport and the Regions (DETR), 
prior to publication by the Office of the Deputy Prime Minister (ODPM). 
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available to support the analysis may vary; the analytical skills of those supporting the 
decision may vary; and the administrative culture and requirements of organisations 
vary (ODPM, 2001). 
Furthermore, MCA has a number of key attributes that make it suitable for the 
elicitation of values (ODPM, 2001). Primarily, MCA establishes preferences between 
options by reference to an explicit set of objectives that the decision-making body has 
identified, and for which it has established measurable criteria to assess the extent to 
which the objectives have been achieved. In simple circumstances, the process of 
identifying objectives and criteria may alone provide enough information for decision 
makers; however for more complex situations data can be aggregated on individual 
criteria to provide indicators of the overall performance of options. MCA emphasises 
the judgement of a decision-making team, in establishing objectives and criteria, 
estimating relative importance, weights and, to some extent, in judging the 
contribution of each option to each performance criterion. However, the subjectivity 
that pervades this can be a matter of concern. Furthermore, one limitation of MCA is 
that it cannot show that an action adds more to welfare than it detracts; i. e. there is no 
explicit rationale or necessity for a Pareto improvement rule that benefits should 
exceed costs. 
MCA has many advantages over informal judgement unsupported by analysis 
(ODPM, 2001): it is open and explicit; the choice of objectives and criteria that any 
decision-making group may make are open to analysis and to change if they are felt to, 
be inappropriate; scores and weights, when used, are also explicit and are developed 
according to established techniques. The technique can also be cross-referenced to 
other sources of information on relative values, and amended if necessary; 
performance measurement can be sub-contracted to experts, and therefore need not 
necessarily be left in the hands of the decision-making body itself; it can provide an 
important means of communication, within the decision-making body and sometimes, 
later, between that body and the wider community; scores and weights are used; and it 
provides an audit trail. 
The MCA technique is often described as a step-by-step process. However, it is more 
an ropriate to envisage it as an iterative guided exploration of a problem (ODPM, Up 
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2001). Some of the steps will require detailed thought about issues surrounding the . 
decision and it may be necessary to double back, re-visit earlier steps and revise them. 
Ncverthelcss, the proccss consists of 8 stcps (Figurc 5.2). 
Figure 5.2 Steps in a Multi-Criteria Analysis 
1. Establish the decision context. What are the aims of the MCA, and who are the 
decision makers and other key players? 
2. Identify the options. 
3. Identify the objectives and criteria that reflect the value associated with the 
consequences of each option. 
4. Describe the expected performance of each opýion against the criteria. (If the 
analysis is to include steps 5 and 6, also 'score' the options, i. e. assess the value 
associated with the consequences of each option. ) 
5. Assign weights for each of the criteria to reflect their relative importance to the 
decision. 
6. Combine the weights and, scores for each of the options to derive an overall 
value. 
7. Examine the results. 
Conduct a sensitivity analysis of the results to changes in scores or weights. 
1.1 ý, -I 
(Source: ODPM, 2001) 
There are many different types of MCA: the direct analysis of perfon-nance matrix; 
linear additive models; Multi-Attribute Utility Theory (MAUT); the Analytical 
Hierarchy Process (AHP); the outranking method; the procedures that use qualitative 
data inputs; the MCA methods based on fuzzy sets and many other methods (ODPM, 
200,1).,, Howqvler, the most, commonly applied are'. the Analytical Hierarchy Process 
(AHP) and Multi-Attribute Utility Theory (MAuT) techniques. 
5.5.1 Analytical Hierarchy Process (AHp)92 
The AHP is a systematic method, designed by Saaty (1980) as a decision-making aid, 
for comparinga Iist,, of objectives or alternatives and is characterised by the 
description of a decision problem as a hierarchy and by the application of a specific 
measurement scale to obtain vectors of normalised weights or priorities, using 
pairwise comparisons.., The technique is especially suitable for complex decisions 
which involve the comparison of decision elements which are difficult to quantify. 
AHP helps capture both subjective and objective evaluation measures, providing a 
92 An outline of the AHP approach to MCA is presented in Appendix L. 
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useful mechanism for checking the consistency, of the evaluation measures and 
alternatives suggested by the team and thus reducing bias in decision-making. 
Combined with r meeting automation, the technique can minimise many of the 
common pitfalls associated with team decision-making processes; e. g. lack of focus, 
planning, and participation or ownership, which ultimately are costly distractions that 
can prevent decision makers from achieving the right choice. , 
The technique is based on the assumption that when faced with a complex decision 
the natural human reaction is to cluster the decision elements according to their 
common characteristics. Thus the process involves building a hierarchy (the ranking) 
of decision elements and then making comparisons between ea ch possible pair in each 
cluster (as a matrix). This gives a weighting for each element within a cluster (or 
level of the hierarchy) and also a consistency ratio (useful for checking the 
consistency of the data). At the core of the Analytic Hierarchy Process (AHP) lies a 
method for converting subjective assessments of relative importance to a set of overall 
scores or weights., For this reason the technique has proved to be one of the more 
widely applied MCA methods (DTLR, 2000). 
In computing weights, it is normal to cluster criteria in a value tree (Figure 5.1), and 
in AHP applications, this allows a series of small sets of pairwise comparisons to be 
undertaken within the branches of the value tree and then between sections at a higher 
level in the hierarchy. In this way, the number of pairwise comparisons to be 
undertaken does not become too great. 
The AHP is useful in that it focuses decision maker attention on developing a formal 
structure to capture all the important factors likely to differentiate a good choice of an 
option from a poor one. Additionally, pairwise comparisons are generally found to be 
readily accepted in practice as a means of establishing infort-nation about the relative 
importance of criteria and the relative performance of options. Furthennore, the 
resulting weights or scores may be more stable and consistent than if they were based 
on a narrower set of judgements. , Finally - AHP also fits comfortably with 
circumstances where judgements, rather than measurements of performance, are the 
predominant form of input information. Nevertheless, despite these attractions, 
229 
_Chapter 
5 
decision analysts have voiced a number of concerns about the technique and AHP has 
been criticised on many grounds, some of which are highlighted in Appendix L. 
5.5.2 Multi-Attribute Utility Theory (MAUT) 
Early work by von Neumann and Morgenstern (1947) and Savage (1954) on the 
subject of Multi-Attribute Utility Theory (MAUT) provided powerful theoretical 
insights into multi-criteria decision-making; however, it did not directly help decision 
makers in undertaking complex multi-criteria decision tasks. The breakthrough in this 
respect is the work of Keeney and Raiffa (1976), who developed a set of procedures, 
consistent with the earlier, foundations, which allowed decision makers to evaluate 
multi-criteria options in practice. Jn summary, there are three building blocks for their 
procedures (ODPM, 2001). The first is the development of a performance matrix, the 
second is the development of procedures to determine whether criteria are 
independent of each other. The third step consists of estimating the parameters, in a 
mathematical function, which allow the estimation of a single number'index to 
express the decision maker's overall valuation of an option in terms of the value of its 
performance on each of the separate criteria. 
Although well-regarded and effective, in its most general form it is relatively complex 
and best implemented by specialists on major projects where time and expertise are 
both necessary and available. What makes the model potentially demanding to apply 
is that, firstly it takes uncertainty into account, building it directly into the, decision 
support models, and secondly it allows attributes to interact with each other in other 
than a simple, additive fashion. It does not assume mutual independence of 
preferences. -, In certain circumstances, it can be im portant to build into the analysis 
one or both of these factors, but often in practice it may be better to ignore them in 
order to, allow a simpler and more transparent decision support to be implemented 
more quickly, by'a wider range of users and for a larger set of problem types (ODPM, 
2001). 
A form of, MCA that has found many applications in both public and private sector 
organisations is Multi criteria Decision Analysis (MCDA for short - also known as 
Multi-attribute Decision Analysis, or MADA). MCDA is both an approach and a set 
of techniques, with the goal of providing an overall ordering of options, from the most 
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preferred to the least preferred. The options may differ in the extent to which they 
achieve several objectives, and no one option will be obviously, best in achieving all 
objectives (ODPM, 2001). In addition, some conflict or trade-off is usually evident 
amongst the objectives; options that are more beneficial are also usually more costly. 
For example, costs and benefits typically conflict, but so can short-term benefits 
compared to long-term ones, and risks may be greater for the otherwise more 
beneficial options. 
MCDA is a way of looking at complex problems that are characterised by any mixture 
of monetary and non-monetary objectives, of breaking the problem 'Into more 
manageable pieces to allow data and judgements to be brought to bear on the pieces, 
and then of reassembling the pieces to present a coherent overall picture to decision 
makers (ODPM, 2001). The purpose is to serve as an aid to thinking and decision- 
making, but, not to take the decision. As a set of techniques, MCDA provides 
different ways of desegregating a complex problem, of measuring the extent to which 
options achieve objectives, of weighting the objectives, and of reassembling the 
pieces. Fortunately, various computer programs that are easy to use have been 
developed to assist the technical aspects of MCDA (e. g. HIVIEW 93, MULTI- 
94 96 97 MACBETH , VISA95, DESYSION DESKTOP , and HIPRE 3+ .) 
The MCDA technique essentially follows the same procedure as a conventional MCA 
as defined in figure 5.3. However, MCDA holds, a number of decision enhancing 
attributes and is often applied to complex issues. These attributes take account of the 
inclusion of decision makers and key players, the construction, of a value tree 
hierarchy, a comprehensive description of the consequences and the application of 
weighting (ODPM, 2001). 
93 Helps a group or individual to take a helicopter view of a problem. 
9' Provides MCDA modelling along with the MACBETH scoring and weighting approach. 
9' Visual Interactive Sensitivity Analysis. 
96 MCDA which places emphasis on guiding decision makers through the process of decision-making. 
97 Supports implementation different MCA support procedures, including both basic MCDA and AHP. 
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Figure 5.3 Applying MCDA: The Detailed Steps ' 
1. Establish the decision context. 
1.1 Establish aims of the MCDA, and identify decision makers and other key players. 
1.2 Design the socio-technical system for conducting the MCDA. 
1.3 Consider the context of the appraisal. 
2. Identify the options to be appraised. 
3. Identify objectives and criteria. 
3.1 Identify criteria for assessing the consequences of each option. 
3.2 Organise the criteria by clustering them under high-level and lower-level 
objectives in a hierarchy. 
4. Scoring. Assess the expected performan'ce of each option against the criteria. Then 
assess the value associated with the consequences of each option for each criterion. 
4.1 Describe the consequences of the options. 
4.2 Score the options on the criteria. 
4.3 Check the consistency of the scores'on each criterion. 
5. Weighting. Assign weights for each of the criteria to reflect their relative 
importance to the decision. 
6. Combine the weights and scores for eaýh option to derive an overall value. 
6.1 Calculate overall weighted scores at each level in the hierarchy. 
6.2 Calculate overall weighted scores. " 
7. Exainine the results. 
8. Sensitivity analysis. 
8.1 Conduct a sensitivity analysis: do other preferences or weights affect the overall 
ordering of the options? 
8.2 Look at the advantage and disadvantages of selected options, and compare pairs 
of options. 
8.3 Create possible new options that might be better than those originally considered. 
8.4 Repeat the above steps until a 'requisite' model is, obtained. 
(Source: ODPM, 2001) 
Step L Establish the Decision Context 
It is important to adequately state the aims of MCDA, identify decision makers and 
other key players, and establish the decision conte'xt. A statement of initial aims is 
crucial to formulating the successive stages, and clarity helps to define the tasks for 
subsequent stages and keep the analysis on track. 
The first aim for the MCDA concerns the choice of 'key players' to participate in the 
analysis. A key player is dcfined as anyone who can make a useful and significant 
contribution to the MCDA. Key players'are chosen to represent all the important 
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perspectives on the subject of the analysis" - (ODPM, 2001). -. One important 
perspective is that of the final decision maker and the body to whom that person is 
accountable, because it is their organisation's values that must find expression in the 
MCDA. These people are often referred to as stakeholders, as they have an 
investment in the consequences of the decision. These stakeholders may. not 
physically participate in the MCDA, but, nevertheless, one or more key players who 
do participate should represent their values. No MCDA is ever limited just to the 
views of stakeholders. Additional key players participate because they hold 
knowledge and expertise about the subject matter. That includes people within the 
organisation, and often includes outside experts, or people with no investment in the 
final decision but who hold information that would assist the analysis. 
It is important to identify the other larger political, economic, social and technological 
(PEST) environments in which the analysis is to be conducted. Central are the 
objectives of the decision-making body, the administrative and historical context, the 
set of people who may be affected by the decision, and an identification of those 
responsible for the decision (ODPM, 2001). Scenario analysis of how key PEST 
features may develop in the future, and so affect the ability of the proposed options to 
achieve the desired future state, sometimes stimulates key players to develop options 
and consider objectives that would otherwise have been ignored. It is crucial to have 
a clear understanding of objectives. MCDA is all about multiple conflicting 
objectives. There are ultimately trade-offs to be made. Nonetheless, in applying MCA 
it is important to identify a single high level objective, for which there will usually be 
sub-objectives. 
The social and technical aspects of the MCDA design are also important and are 
designed together to ensure they are working in concert to achieve the aims of the 
MCDA. One approach is to use facilitated workshops, which are comprised of a mix 
of participants and an impartial facilitator. The i mpartial facilitator is used to guide 
98 Note that it could be argued that 'key players' include those that are inacessable (i. e. those who are 
not yet bom or those who cannot attend/voice their opinion). Therefore the technique can be perceived 
to suffer from issues of intragenerational and intergenerational inequity. However, it should also be 
noted that the concepts of sustainable development and the application of life cycle assessment (LCA) 
also suffer from the same problems; i. e. they introduce stakeholders who are distanciated in time and 
space from the decision. 
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the group through the relevant stages of the MCDA, carrying out much of the 
modelling on the spot with the help of computer programs designed for multi-criteria 
analysis, and with appropriate displays of the model and its results for all to see. 
Facilitated workshops might last for only a few hours for relatively straightforward 
decisions whereas two or three-day workshops may be required for complex 
decisions. 
Step Z Identify the Options to be Appraised 
It is necessary to list the set of options to be considered. It may be worth carrying out 
some informal sifting against established legal and similar restrictions as it is not 
worth gathering data about clearli infeasible propositions. Furthermore, the first visit 
to step two may well not be the last as the later steps of the MCA may demonstrate 
that none of the alternatives is acceptable and can serve to crystallise thoughts as to 
where the inadequacies lie (ODPM, 2001). When options are pre-specified, it is 
tempting to proceed as if that is the final word - experience shows this is seldom the 
case. - A common error is to attempt to analyse just one option, under the assumption 
that there is no alternative. In all cases, whether the options are given or have to be 
developed, those conducting the MCDA should be open to the possibility of 
modifying or adding to the options as the analysis progresses. The failure to be 
explicit about objectives, and to evaluate options without considering what is to be 
achieved, is akin to putting the cart before the horse (Keeney, 1992). Options are 
important only for the value they create by achieving objectives. 
Step 3. Identify Objectives and Criteria 
The identification of objectives and criteria (and sub-criteria) by which the options 
will be judged is required; commonly in the form of a value tree hierarchy. Making 
the value tree explicit and displaying it stimulates thinking about new. options that 
could reduce the apparent conflicts between the objectives. Furthermore, organising 
the criteria and objectives in a value tree hierarchy facilitates scoring the options on 
the criteria and examining the overall results at the level of the objectives 99 . 
99 There are few formal guidelines to determine what is a 'good' structure and what is bad'. Most 
experienced decision analysts see problem structuring as a skill that is acquired primarily through 
practical experience; for most large problems, there is arguably no unambiguously correct structure or 
grouping of criteria. An acceptable structure is simply one that reflects a clear, logical and shared point 
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Assessing options requires thought about the consequences of the options that are 
being assessed, not the options themselves. Consequences differ in many ways, and 
those ways that matter because they achieve objectives are referred to as criteria, or 
attributes (ODPM, 2001). Criteria are specific, measurable objectives and are 
described as the 'children' of higher-level 'parent' objectives, who themselves may be 
the children of even higher-level parent objectives. For example, in choosing a car, 
cost minimisation and benefit maximisation are two high-level objectives that are in 
conflict. However, benefits might be further broken down into categories of safety, 
performance, appearance, comfort, economy and reliability. 
A useful distinction to be made is that between means and end objectives. Thus 
repeatedly asking the question 'Why do you care about that? ' will reveal an end 
objective, which is 'fundamental' to the operation of MCDA. For example, 
individuals may care about passive safety as it could reduce injuries in the event of a 
crash and increase the chance of survival; this is a fundamental objective which 
cannot be desegregated into further lower level attributes. Criteria express the many 
ways that options create value. If options are already given, then a 'bottom-up' way 
to identify criteria is to ask how the options differ from one another in ways that 
matter. A 'top-down' approach is to ask about the aim, purpose, mission or overall 
objectives that are to be achieved. The number of criteria should be kept as low as is 
consistent with making a well-founded decision. 
Before finalising the choice Of criteria the provisional set needs to be assessed against 
a range of qualities: 
Completeness; all-important criteria need to be included. 
Redundancy; unnecessary criteria must be removed. 
Operationality; each option can be judged against each criterion. 
Mutual independence of preferences; options are independent of each other. 
of view about how the many criteria that may be relevant to an MCA assessment can be brought 
together into coherent groups, each of which addresses a single component of the overall problem. 
However, because the approach is so ill-defted it has been argued that no theoretical framework exists 
for modelling decision problems into a hierarchy; thus, decision makers evaluating the same problem 
may. arrive at different conclusions based upon the hierarchy presented to them (Boucher and 
MacStravic, 1991) 
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Double counting; the same basic impact must not be recorded more than once. 
9 Size; there must not be an excessive number of criteria. 
* Impacts occurring over time; account is taken of impacts occurring over several 
subsequent years. 
The criteria and objectives are then organised to facilitate scoring the options on the 
criteria'and examining the overall results at the'level of the objectives. The most 
important trade-off, the overall result, between the objectives appears at the top of the 
hierarchy of criteria and may be between costs and benefits. The next level down 
shows costs as one objective, and benefits as another. Costs could then be broken 
down into monetary costs and non-monetary costs, or short-term and long-term, or 
capital and operating, or any other distinction that captures more conflict between the 
objectives. The same applies to benefits. Top-level trade-offs are not always between 
costs and benefits and may include risks versus benefits, benefits to consumers versus 
benefits to suppliers, long-term benefits versus short-term benefits, and so forth 
(ODPM, 2001). 
Step 4. Scoring 
Scoring is initiated by describing the consequences'for each alternative examined in 
the analysis. The easiest approach is to write a simple qualitative description for each 
option taking into account each criterion. For problems that involve a value tree, it 
may be necessary to construct a separate consequence table for each option. Such a 
table would be str6ctured in a similar manner to a value tree, with separate colunms 
for each criterion and a bottom row depicting the performance measures for that 
option on the column's criterion. 
Scoring in MCDA is a simple exercise, which most commonly relies on the relative* 
preference scales approach. These are simply scales anchored at their ends by - the 
most and least preferred options on a criterion. The most preferred option is assigned 
a preference sco 
' 
re of 100, and the least preferred a score of 0. Scores are assigned to 
the remaining options so that differences in the numbers represent differences in 
strength of preference. These are relative judgements comparing differences in 
consequences, and they are often easier for people to make than absolute judgements. 
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Finally, it is necessary to check the consistency of the scores to ensure that relative 
preferences are reflected with accuracy. Several iterations are usually required to 
ensure accuracy and consistency within and between criteria. 
Step 5. Weighting 
The preference scales from scoring cannot be combined because a unit of preference 
on one does not necessarily equal a unit of preference on another. There is a need to 
equate the units of preference with the right weighting procedure so that the process is 
meaningful to those making the judgements. 
MCDA often uses swing weighting to elicit weights for the criteria. This, like AHP, 
is based on comparisons of differences; e. g. how does the swing from 0 to 100 on one 
preference scale compare to the 0 to 100 swing on another scale? To make these 
comparisons, assessors are encouraged to take into account both the difference 
between the least and most preferred options, and how much they care about that 
difference. The weight on a criterion reflects both the range of difference of the 
options, and how much the difference matters. Any numbers can be used for the 
weights so long as their ratios consistently represent the ratios of the valuation of the 
differences in preferences. 
The process of deriving weights is fundamental to the effectiveness of an MCDA and 
they are often derived from the views of a group of people. The swing weighting 
method is normally carried out by using a 'nominal-group technique' in a group 
situation (ODPM, 2001). First, the one criterion with the biggest swing in preference 
from 0 to 100 is identified; when there are only a few criteria the biggest swing can 
usually be found quickly with agreement from participants. With many criteria, it 
may be necessary to use a paired-comparison process: i. e. compare criteria two at a 
time for their preference swings, always retaining the one with the bigger swing to be 
compared to a new criterion. The one criterion emerging from this process as 
showing the largest swing in preference is assigned a weight of 100; it becomes the 
standard to which all the others are compared in a four-step process. Initially, any 
other criterion is chosen and all participants are asked to write down, independently, a 
weight that reflects their judgement of its swing in preference compared to the 
standard. For example, if the criterion is judged to represent half the swing in value 
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as the st4ndard then it should be assigned a weight of 50. Secondly, participants 
reveal their judged weights to' the group and the results are recorded. Thirdly, 
participants who gave extreme weights, high'and'low,, are asked to explain their 
reasons, and a general group discussion follows. Fourthly, having heard the 
discussion, a subset of participants makes the final determination of the weight for the 
criterion., 'After the discussion a subset of the group are then asked to make the final 
decision. This subset is comprised of the decision makers, or those, representing the 
decision maker, and/or those participants whose perspectives on the issues enable 
them to take a broad view enabling them identify the potential trade-offs among the 
criteria. 
Step 6. Combining Weights and Scores, 
The overall weighted scores at each level in the hierarchy of the value tree and overall 
scores for each option are generated at the sixth step of the MCDA. The overall 
preference score for each option is simply the weighted'average of its scores on all the 
criteria. Lettifig the prefiarence score for option'o'on criterion c be represented by Pso, 
and the weight for each criterion by Wc, then for n criteria the overall score for each 
option, PS,,, is given by: 
n 
P So= WIPSoc + W2PSoc+... + WnSon ý-- 
2, ]WCPS,, 
0-1 
In other words; multiply an option's score on a criterion by the importance weight of 
the criterion, do'thýt for, all the criteria, then sum the products to give the overall 
preference score for that option. Then repeat the process for the remaining options'. 
In order to calculate the overall weighted scores it is important that all the criteria 
must be mutually preference independent; i. e. preference scores assigned to all 
options on one criterion are unaffected by the preference scores on the other criteria. 
Failure of mutual preference independence is usually discovered when scoring the 
options; e. g. if the assessor cannot judge the preference scores on one criterion 
without knowing the scores on'another criterion, preference dependence has been 
detected. This often happens because of double counting; i. e. when two criteria really 
mean the same'thing, ý but have been described in a way that is apparently different. 
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Thus when the scores are elicited the assessor will often refer back to the first 
criterion when assessing the second. 
Step 7. Examine Results 
The top-level ordering of options is given by the weighted average of all the 
preference scores. These total scores also give an indication of how much better one 
option is over another. Thus, if the total scores for options A, B and C are 20,60 and 
80, the difference in overall strength of preference between A and B is twice as large 
as that between B and C. Another useful display of overall results is to move down a 
level in the value tree and display the options in a two-dimensional plot to show the 
main trade-offs. If costs and benefits constitute the next level down, then a graph of 
benefits versus costs can be instructive, for it essentially shows a relative value-for- 
money picture. 
Step 8. Sensitivity Analysis 
Sensitivity analysis provides a means for examining the extent to which vagueness 
about the inputs or disagreements between people makes any difference to the final 
overall results (ODPM, 2001). Especially for the appraisal of schemes or projects that 
attract public interest, the choice of weights may be contentious. However, experience 
shows that, for a number of reasons, MCDA can help decision makers to reach more 
satisfactory solutions. Firstly, interest groups can be consulted to ensure that the 
MCDA model includes criteria that are of concern to all the stakeholders and key 
players. Secondly, interest groups often differ in their views of the relative 
importance of the criteria, and of some scores, though weights are often the subject of 
more disagreement than scores. Using the model to examine how the ranking of 
options might change under different scoring or weighting systems can show that two 
or three options always come out best, though their order may shift. If the differences 
between these best options under different weighting systems are small, then 
accepting a second-best option can be shown to be associated with little loss of overall 
benefit. The reason this is usually not apparent in the ordinary thrust of debate 
between interest groups is that they focus on their differences, and ignore the many 
criteria on which they agree. Third, sensitivity analyses can begin to reveal ways in 
which options might be improved. Thus, there is a potentially useful role for 
sensitivity analysis in helping to resolve disagreements between interest groups. 
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MCDA can also be used to identify the relative advantages and disadvantages of each 
option, and to compare options and deepen understanding of the issues associated 
with the MCDA (ODPM, 2001). An advantage is a high score on a heavily weighted 
criterion; a high score on a relatively unimportant criterion is not really an advantage 
because it does not contribute to overall preference. ' Adisadvantage is a low score on 
an important criterion. Disadvantages are important be cause they reduce the overall, 
preference, whereas'low scores on unimportant- criteria do not. Understanding the 
advantages and disadvantages helps to point to areas where options might be capable 
of improvement., , Comparing options is particularly useful when one option is 
naturally a standard. Big differences in preference scores between pairs of options on 
important criteria can be identified quickly, aiding the process of developing new and 
better options. Another'lielpful comparison is between the option that scores best on 
benefits, and the one that is least costly. 
The key differences between pairs of options might point to ways'-of generating a new 
option. For example, comparison of the most beneficial option with the least costly 
one may show how to create a new option with many, though not quite all, of the 
benefits of the most beneficial option but at less cost. Sometimes this is accomplished 
by reducing the'benefits, and thus the cost, 'on those criteria that do not carry much 
weight. New'optio'ns that are generated are added to the list of options and scored 
against all the criteria. - If relative scaling was used and the new option is' least 
preferred o in some criteria or most preferred on others, then it is easier to assign scores 
less than 0 or more than 100, respectively, so that weights do not have to be changed. 
An important feature of MCDA is that if the new option provides no information 
about the existing 'options and criteria, then nothing already completed has to be 
changed: it isýonly necessary to - add one more preference score for each criterion. 
These steps are repeated until a requisite model (one that is just good enough to 
resolve the issues at hand) is obtained for the decision. This saves considerable time 
which would potentially be spent collecting elaborate data and constructing models 
that have no relevance to the key objectives addressed. 
Differences in values can be reflected in different views about attributes, weightings, 
and scores. Aggregation does not make these differences disappear, but an important 
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characteristic of MCDA models is that they are often remarkably insensitive to many 
scores and weights. This is easily demonstrated in sensitivity analysis, which can 
make people more comfortable with the outcome. In this work, the sensitivity to 
weighting was tested during the decision-making workshops. Most people involved 
in MCDA find it difficult to live with rough-and,. ready inputs - many people have 
experience of models where precision matters (ODPM, 2001) - but participants can 
be persuaded that there are no 'right' answers only 'good' outcomes, by exploring 
variations in attributes, weightings and scores. The reason that imprecision is so well 
tolerated in, MCDA models is that the scores on many of the criteria will, show high 
statistical 'correlation, and thus the weights on those criteria can be distributed 
amongst the correlated criteria in any way. in addition, changes in scores on 
individual criteria are often swamped by the scores for the same options on other 
criteria. Thus, the structure of any model that includes many criteria creates this lack 
of sensitivity. As experience is gained of MCDA, models become simpler and 
increasingly requisite. 
Finally, the facilitator assists the group in summansing key recommendations and 
their preferred option. If agreement has not been reached, efforts will focus on 
agreeing ways to resolve differences between stakeholders and key players through 
further analysis, operational activities, further modelling, or data collection. An action 
plan to implement the outcome of the MCDA is often a key output. 
5.5.3 Decision Conferencingloo, 
Decision Conferencing represents one possible approach to designing the socio- 
technical system for 6onducting a MCDA. The technique was developed in the late 
1970s by Dr Cameron Peterson at Decisions and Designs, Inc., largely as a response 
to the difficulty in conducting a single decision analysis for a problem with multiple 
stakeholders, each of whom takes a different perspective on the issues. Decision 
Conferencing is a series of intensive working meetings, called decision conferences, 
attended by groups of people who are concerned about some complex issues facing 
their organisation. There are no prepared presentations or fixed agenda; the meetings 
are conducted as live, working sessions lasting from one to three days. 
241 
Chapter 5 
Four stages typify most decision conferences, -, though every event is different. The 
first phase is a broad exploration of the issues. In the second stage, a model is 
constructed of participants' judgements about the issues', incorporating available data. 
All key perspectives areincluded in the model. -In the third stage, the model combines 
these perspectives, reveals the collective consequences of individual views, and 
provides a basis- for extensive -exploration of the model. Discrepancies between model 
results and members' judgements are examined, -causing new intuitions to emerge, 
new insights to be generated and new perspectives to be revealed. When this revision 
process, - which is highly iterative, has been completed, the group moves on to the 
fourth stage in which key issues and conclusions are summarised, a commitment 
package is created and an action plan or set of recommendations is agreed. A report of 
the event's products is'prepared by the facilitator after the meeting and circulated to 
all participants. 'A -folloW-through meeting is often held to deal with afterthoughts, 
additional data and new ideas. 
The group is aided, by- two facilitators ý from outside the organisation who -are 
experienced in working with groups. 'The main tasks of the facilitators are to see and 
understand the group 'life', and to intervene, when appropriate, to help the group stay 
in the present and maintain a task orientation to its work. The fýcilitators attend to the 
processes occurring in'the group, provide structure for the group's tasks)- but refrain 
from contributing to content. They structure the discussions, helping participants to 
identify the issues and think creatively and imaginatively. The facilitators help 
participants in how to think about the issues without suggesting what to think. 
Decision Conferencing, has , been used by private - organisations, government 
departments, charities and voluntary organisations and has been applied to most major 
issues; -to develop corporate plans and strategies; to prioritise R&D projects and create 
added value; to resolve conflict between groups; to allocate limited resources across 
budget categories; to evaluate the effectiveness of government policies, schemes and 
projects; to assess alternative sites for a technological development; and to create a 
new policy for health care provision. Any issue that would benefit from a meeting of 
100 Summary taken from Enterprise LSE web page: www. enteiprise-Ise. co. uk & Phillips (1989). 
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minds in the organisation can be effectively resolved with Decision Conferencing, 
which provides a way for 'many heads to be better than one. ' 
The Decision Conferencing technique, like MCDA, is effective for several reasons. 
First, participants are selected to represent all key perspectives on the issues, so 
agreed actions are unlikely to be stopped by someone else arguing that the group 
failed to consider a major factor. Second, due to two way communication the meeting 
becomes 'live', th e group works in the 'here-and-now', and participants get to grips 
with the real issues that help to build consensus about the way forward. Third, the 
model plays a crucial role in generating commitment. All model inputs are generated 
by the participants and nothing is imposed, so that the final model is the creation of 
the group, thereby 'owned' by participants. However, perhaps most importantly, the 
model helps to minimise the threat to individuality posed by the group: the model 
reveals higher-level perspectives that can resolve differences in individual views, and 
through sensitivity analysis shows agreement about the way forward in spite of 
differences of opinion about details. Fourth, computer modelling helps to take the heat 
out of disagreements. The utilisation of computers for voting, rating and weighting 
can reduce the dominance of strong personalities and enhance the creative functioning 
of the group. Computers do not have many of the qualities that can often be 
destructive of group life (i. e. they do not fight, take sides, dominate the conversation, 
bully or provoke) consequently, computer models help to take the heat out of 
disagreements. Furthermore, computer models also allow participants to try different 
judgements without commitment, to see the results, and then change their views. The 
instant playback of results that can be seen by all participants helpsIo generate new 
perspectives, and often stimulates the development of new insights about the issue in 
question. These positive aspects. of computers, along with their superior ability to 
handle information, can be used to enhance the capabilities of both facilitator and 
group. 
However, there is one trenchant criticism of the MAUT approach and Decision 
Conferencing techniques, worth mentioning at this point; they are commonly expert 
based. Ordinary citizens are not privileged to take part in the activities, primarily as 
numbers are limited (usually less than 10) and it is perceived that the public lack the 
necessary knowledge. MCA relies on experts, interest groups and stakeholders to 
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determine the criteria. Stakeholder involvem6fiV is 'a more targeted approach than 
public participation and does not typically include'all the public, whereas stakeholders 
are not limited to 'the public"Ol. - Furthermore, the questions it seeks to address are 
often more focused. However, ý research has shown that experts tend to promote their 
own self-interests, often at the''expense of the public (Dahl, 1985)' Thus, an approach 
that only involves experts will do little' to'c'nhance the public trust in the decision- 
making body (as discussed previously in'-section'5.2). 'Furthermore, if all selected 
stakeholders lack-public trust (e. g. ' if all stakeholders are selected from a particular 
company'Or industrial sector) a collective decision will do little to enhance public trust 
compared to a single decision maker, even'though th&'6verall decision may indeed be 
better. 
5.5.4 Combining Decision Support Sy I stems and Public Participation 
In a bid to develop a technique that would increase public trust in decision-making, 
bodies ý Renn et al '(1993) proposed to ' combine "a'participatory decision-making 
approach; similar to the Plannifig'Cell,, with the a pplication of a multi-attribute utility 
theory (MAUT) based decision support system., 
In summary,, the approach starts from' the, premise that a model is needed that 
combines technical - expertise and rational deciision-making with public values and 
preferences. In the first stepý, 'tfie model includes'stakeholders in order to identify and 
select concerns and, -evaluative criteria. ', "; With' the help of value-trees, these 
stakeholders build a list of hierarchically structuied values. In the second step, 
experts identify"and measure'the' impacts ý of the'different decision options. The 
desired outcome is a performance profile'for- each option (Renn et al, ' 1993). In the 
third step, randomly selected citizens aggregate and weigh the expected impacts to 
obtain a priority list'of the options and to give'recommendations to the political actor. 
The steps are not separated from each other. All involved parties play-a role in each 
step, but their influence is channelled to the type of knowledge and rationality they 
can offer (Renn et al., 1993). Experts'use the concerns and criteria of the stakeholders' 
who might comment later on the work done by the former. The tasks of aggregation 
and weighing are assigned to citizens, who use the information condensed in the value 
101 For a comprehensive discussion on the definition of the term 'stakeholder' see Section 2.3. 
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tree (and in its variations). The numerical results in the value tree are not used as an 
expression of the final judgement of the participant but as a structuring aid to improve 
the participant's holistic, intuitive judgement. By pointing out potential discrepancies 
between the numerical model and the holistic judgements, the research team 
encourages the participants to reflect upon their opinions and search for potential 
hidden motives or values that might explain the discrepancy. The final 
recommendations are always based on a holistic judgement by individuals or groups 
(Renn et al, 1993). 
As an example of their procedure, Renn et al (1993) cite a participatory process which 
was used to help define the 'best' energy policy for Germany on the basis of four 
predefined options. Stakeholder representatives identified eight independent criteria: 
financial, technical and material requirements; security of energy supplies; national 
economic impacts; impacts to the natural environment; health and safety; social 
impacts; political impacts; international impacts. The staff of the study aggregated the 
criteria in only one value tree. Experts added the relevant sub-criteria which, in some 
cases, were reformulated by the citizens. The citizens evaluated intuitively the four 
different energy futures on a scale from 0 (worst) to 100 (best). After eliciting the 
trade-offs between the different criteria, and after normalising the weights, the staff 
were able to calculate a multi-attribute utility evaluation of the four energy futures for 
each of the participants. In the following discussion, participants were asked to 
resolve the inconsistencies. between the model and their first evaluation. Most 
subjects achieved ordinal consistency between the two evaluations. Apparently, the 
value forum and the multi-attribute utility modelling had a significant influence on 
their thinking. They felt that these two sets of evaluations should agree, refused 
overwhelmingly the 'easy solution' of rejecting the objectives or the model, and 
worked hard, up to three hours, to achieve ordinal consistency. In this reconciliation 
phase the primary changes were in weights and in intuitive evaluations. 
5.5.5 Review of Multi-Criteria Analysis (MCA) Techniques 
There are a limited number of critical reviews of MAUT and Decision Conferencing 
techniques in the literature; nevertheless a few points are highlighted. Multi-criteria 
Analysis (MCA) techniques in general have a number of strengths. Primarily, the 
techniques can articulate across ecological, social and economic values. Hence MCA 
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can, arguably, deal specifically with non-economic values such as ethical and moral 
considerations and'a variety of motivations and beliefs, which may well be made 
explicit during the elicitation process. Secondly, the techniques can deal specifically 
with public interest as well as private issues'bY allowing the comparison of economic 
and social values along with ecological values'. Thirdly, there is an ability to deal with 
different values (the irreducible pluralism of values) without having to resort to single 
measures. Fourthly, as the technique is based on an iterative process, it has the ability 
to deal effectively with the constructive nature of preferences. Hence, MCA seems to 
avoid the problems associated with commensurability and compensatability across 
values and persons. 
However, there are weaknesses in the MCA techniques. AHP has been criticised 
extensively on several grounds regarding its' theoretical validity, the normalising 
procedure and the ambiguous -nature of the rankings'(see Appendix Q. Furthermore, 
although MAUT (and MCDA) lessen the cognitive effort required by respondents, 
there are some trenchant criticisms of the approach. ý'_ In practice decision makers are' 
not always content with-, the loss of information - associated with MAUT (i. e. 
condensing all of their values and beliefs into. utility functions) and the process of 
using MAUT, it May be argued, may not "do' justice to the decision makers' 
preferences and values. - 
Rauschmayer (2000)'argues that MCA in general, because it bases its assumptions on 
a utilitarian (see section 5.3) basis, suffers from the'same moral issues as the welfare 
economist's application"of cost-benefit analysis. The objective of MCA is to enable 
'better' decisions, but it is important to assess the meaning of 'better'. Principally, the 
meaning of 'better' depends on the ethical point of view that an individual adopts (i. e. 
do the consequences of the decision matterý Or'is 'it the process of arriving at a 
decision which is relevant to the goodncss'of the ý decision? - see section 5.6.4) 
(Rauschmayer, 2000). To highlight this point it is necessary to distinguish between 
the instrumental (Utilitarian) and rule-based (Kantian) conceptions of decision- 
making. This again relates to the distinction that Sagoff makes (see section 5.2) in 
regard to the difference between preferences and values. 
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MAUT uses the term preferences in order to determine the judgements of the decision 
actors, and thus ignores Kantian issues. However, these judgements are often 
omnipresent in our lives; e. g. killing a person is for most people not a question of 
preferences, but a Kantian question of right and wrong' 02 . As MCA is utilitarian 
in its 
approach it is based on scientific rather than ethical arguments. The criteria are 
established according to the requirements of sciences, for example ecology and 
economics, and not according to the requirements of ethical values, for example 
intergenerational and intragenerational fairness (Rauschmayer, 2000). Consequently, 
if one of the persons concerned does not only 'not prefer' the decisions finding 
process, the decision itself, or its consequences, but finds some component 'evil', 
utilitarianism is not a valid basis for decision-making (Rauschmayer, 2000). 
As MAUT requires issues to be quantified, it is unable to account for many of the 
ethical issues that often surround controversial topics. The technique assumes that for 
any decision problem a real value function can be defined on the set of feasible 
alternatives, it is therefore subject to the same criticisms as conventional utility 
maximisation theory; i. e. the separation of values and preferences is not possible. As 
a results MAUT techniques (and MCA techniques in general) are commonly highly 
technocratic, rely on mathematical theory, and have inherent difficulties with 
assigning weights to various interests and competing values that are not directly 
involved within the process (Munda, 1995). Furthermore, MAUT is a time 
consuming, expensive and lengthy exercise (Keeney et al, 1990). 
Thus, in conclusion, in environmental contexts it is not usually possible to use MCA 
techniques in order to find ethically sound and democratically acceptable solutions. 
There have been developments to extend the socio-technical system for conducting 
MAUT/MCDA through decision conferencing; i. e. make the approach more Kantian. 
However, this approach remains expert based and thus remains subject to some of the 
criticisms mentioned above, and earlier (see section 5.5.3). In response a technique 
has been developed by Renn et al (1993), outlined in section 5.5.4, to enhance the role 
of the public within the decision-making process, and thus combat some of these 
102 Furthermore, research has shown that Kantian judgements also exist in the context of environmental 
decisions e. g. killing or eliminating species (Splash & Hanley, 1995). 
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criticisms inherent in the utilitarian approach of MAUT. However, little else has been 
done with regard to the development of decision support 'techniques and the 
enhancement of decision-making. 
I 
5.6 Deliberative and Discursive Approaches 
As has been discussed, in section 5.2, there are two possible approaches to reconciling 
the scientific and value elements in decision-making. The first is to continue to focus 
attention on the technical and economic aspects of decision-making, adopting an 
analytical approach that assumes that the technical/scientific and political/value 
components of disputes can be separated - or even that the latter can be ignored. 
However, such an approach is not an effective risk communication technique; as 
Banner (1999) argues, 'any techniques that try to -replace the task of practical 
reasoning and deliberation will fail as ultimately they misrepresent and distort the 
values'which they claim to represent and measure'. Thus, in the light of the 
limitations of the Nco-classical economic and MCA approaches, several authors have 
recommended involving the public in deliberative decision-making approaches (e. g. 
Slovic" 1995; Jacobs,, 1997; O'Neill, 1997; Sagoff-, 1998). 
Deliberative and Discursive Approaches to risk communication recognise that such 
environmental disputes are inherently value-laden and can only be resolved by 
bringing experts and the lay public together to consider both the science and value 
questions in a risk controversy. There are a number of arguments for including the 
lay public in decision-making as they: frame problems in a broader manner that is not 
constrained by disciplinary boundaries; bring a broader range of expertise and 
experience into decision processes; expose limitations in expert models; reflect a 
sensitivity to values and common sense; and are more apt to identify alternatives and 
solutions to a greater degree than experts (Fiorino, 1989). Nevertheless, experts must 
take part in these decisions, because they have the knowledge and methods to estimate 
the likely range of consequence. However, participation by the lay public is equally 
necessary 'to represent societal values to the experts and to clarify the necessary 
choices that the political process must make'. Research on small group processes 
documents that discussion is far more effective than other, more passive forms of 
communication in changing attitudes, stimulating problem-solving thought, ' and 
influencing action (Renn et al, 1995). During participation institutions, 
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administrators, and their technical experts should recognise the lay public as citizens, 
rather than as subjects, and as a result the preferences that are elicited would be more 
stable and coherent because they have been arrived at through informed and well- 
considered value judgements (Sagoff, 1998). The major characteristic of such an 
approach is maintaining the distinctions between risk assessment and risk 
management, while recognising and conveying the uncertainties; communicating risk 
information to the public, both to build citizen competcnce and to draw the public into 
specific risk management decisions; and involving the affected public as early and 
openly as possible in the decision-making process. 
The debate surrounding the role of public participation in decision-making centres on 
the elitist and egalitarian interpretations of democracy. The competing theories 
behind these two interpretations are usually labelled participatory (or direct) 
democratic theory and liberal democratic theory. Within direct democratic theory the 
populace has a right to determine which of the competing elites are allowed to govern, 
but the substance of political decisions is made within elite circles. Conversely, the 
egalitarian view of democracy is inspired by the normative claims that each citizen 
should be able to co-determine political decisions that affect his or her livelihood. 
Between these two extremes are numerous combinations; e. g. see Hansen (2000). 
The key argument, applying the issues raised throughout this portfolio, is that 
representative democracy is no longer sufficient and governments can no longer 
assume that they have the consent of the governed simply in virtue of periodic 
elections. Tbus, participatory democracy is needed to support representative 
democracy, which can no longer account for the diverse interests of citizens, the 
increasingly complex and uncertain threats to society, and the need to develop 
informed public preferences, knowledge and commitment to societal good (Petts, 
2000). 
The two key pre-suppositions underlying participatory democracy are 'autonomy' and 
'improvability'. Autonomy states that citizens are treated as the best judge of their. 
own interests. Political, administrative, or technical elites may argue at times that 
people do not understand what is in their own interest. But their judgements cannot 
displace those of citizens; they can only assert that at some point in the future people 
will agree with a different point of viewý and persuading people to come to that point 
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of view is the function of leadership. The related notion of improvability is the 'belief 
in the capacity of citizens in general to improve their judgement about what is in their 
interest'. Low political awareness, low levels of information, and a lack of interest in 
issues are taken as a sign of deficiencies in social and political institutions, rather than 
as limitations inherent in individual capacities. 
In summary, Morino (1989) identifies the problem with environmental decision- 
making: as a matter of resolving the tensions between experts and no'n experts; as 
informing the lay public on technically complex issues; as the need to resolve 
technical or scientific controversy in a way that is acceptable to affected parties, yet 
true to the standards of science; as the challenge of drawing community values into 
deliberations over scientific questions that cannot be answered specifically; and as the 
dilemma of accommodating the rationality of formal risk assessment and evaluation 
with the political and ethical requirements of democratic process, among others. 
Thus, there is a need to develop mechanisms for achieving more effective means of 
public participation, because it is only possible through such a technique to make the 
decisions and find solutions to the challenges of a technological society. However, to 
accomplish this, there is a need to recognise that the function of government is not 
only to reduce public exposure to risks, but to allow the public to share in the tasks of 
governing. 
5.6.1 What is Participation? 
This discussion then leads to the next obvious question; what is participation? To 
many, the term 'public participation' conjures up diverse images. To some people it 
is synonymous with computer mailing lists, outreach meetings, well-publicised 
hearings, and slickly packaged information brochures. To others, the term evokes 
images of raucous public meetings, rising costs, lawsuits and delay. To others the 
term is a symbol for rallying opposition to government and corporate insensitivities, 
or a strategy for mobilising otherwise disinterested publics. To a government 
administrator, participation can mean a nuisance or strategy; to the public affairs staff 
an opportunity; to the public interest group a tactic; and to newly-organised groups, 'a 
symbol. 'This issue of 'public participation' has been commented upon by Fiorino 
(1989) who states that there are few terms in our contemporary lexicon that have been 
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used with so little semantic precision - except of course that of 'Sustainable 
Development'. 
The public may be involved in science and technology decisions in a number of ways 
and at a number of levels. While the lowest level* might involve communication 
between scientists or regulators and the public, higher levels may seek some degree of 
public input through the active participation of public representatives in the decision- 
making process itself, characterised by dialogue and two way information exchange 
(Rowe & Frewer, 2000). Renn (1995) argues that correct participation encourages 
multi-way communication. Unlike one-way communication (e. g. education), or two- 
way communication (between individuals e. g. regulators), multi-way communication 
refers to a group setting where people are actively participating as speakers and 
listeners. Thus public participation requires -forums that are organised for the purpose 
of facilitating communication between government, citizens, stakeholders and interest 
groups, and businesses regarding a specific decision or problem. Furthermore, Renn 
(1995) asserts that it is essential that the word 'public' in the singular is avoided as it 
conveys the untrue impression that 'the public' is somehow homogeneous and can 
therefore be represented. In actuality, 'the public' is a vast and heterogeneous group 
of individuals who must represent, and communicate, between themselves; see 
discussion on defining stakeholders in Chapter Two (Section 2.3). Communication 
implies equity among participants, peer review as a means for verifying 
understandings, and an orientation toward resolving conflicts in consensual rather 
than adversarial ways. Essentially participation means the deliberative consultation of 
individuals in order to elicit values and include those values in decision-making. 
5.6.2 The Various Techniques 
As discussed in section 5.3, people's environmental and social values are the outcome 
of informed reflection and debate. Thus, it is recognised that consultation has an 
important role to play in publicising proposals, stimulating critical debate and eliciting 
a broad range of comments on the practicability and desirability of proposals (RCEP, 
1998). To ensure that such values are articulated and taken into account, less familiar 
approaches need to be used to extend and complement present procedures for 
consultation and ýparticipation (RCEP, 1998). A variety of techniques have been 
proposed for including public participation within decision-making; they are listed, 
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sunimansed and classificd, loosely, into three key categories in Table 5.7. At the 
simplest level public participation is interpreted as a means of keeping local people 
infiormcd about activities on site. Consultation by contrast is interpreted as a two-way 
process, whereby the organisation asks individuals and groups for their views and 
then takes them into account in dccision-making. Participation, on the other hand, is 
interpreted, as being when stakeholders are more involved is decision-making, thus 
members of the community participate directly in analysis and decision-making. 
0 Information Dissemination: A public information process is intended solely to 
provide infonnation to stakeholders - usually the local community. Stakeholders 
may seek clarification, but they are not being invited to contribute to the decision- 
making process. 
0 Consultation: Consultation programmes seek input from stakeholders to support 
and inform the decision-making process. The sponsor typically provides 
information to the local community and other stakeholders and makes it possible 
for them to submit comments on the proposals. 
0 Participation: Participatory decision-making allows stakeholders to take an active 
role in tile decision-making process rather than simply providing comment on 
proposals. They are involved in shared analysis and agenda setting, even though 
the responsibility for the final decision lies with others. 
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Table 5.7 highlights the strengths, wezý6esses and recommended applipati . on of a 
number of such techniques. However, ' it is neither necessary, nor possible, to 
extensively review each of these ý techniques within'this document. Furthermore, of 
the examples listed in Table 5.7, only five' of the, techhiques can actually be 
J 
categorised as deliberative; i. e., allowing ! he multi-way. communication of Information 
between the lay public and experts. These are: citizens' juries, citizen panels, - 
planning cells, consensus conferences and deliberative polls. 
5.6.4 Evaluation 
There is limited practical experience of using innovative. methods in the UK in 
environmental policy-making, and their use still raises important concerns. Thus,,, 
pother important question relates to how the effectiveness of participatory methods 
can be evaluated; this is necessary to improve - our understanding of citizen 
participation. The evaluation of deliberative techniques leads to greater understanding 
and alloWS participation processes to be conducted more transparently-, as opposed to 
a 'muddling through' approach which may produce satisfactory outcomes but does e 
not facilitate knowledge transfer, decision transparency, or repeatability. Ilese three 
goods are needed if participation models are to be widely used in diverse problem 
areas with reliable results (Renn, 1995). 
There is a need to determine the effectiveness of participation teclipiques and it is 
important to understand what results of a participation exercise constitute good 
outcomes and what processes contribute towards these (Rowe & Frewer, 2000). 
However, there is little comprehensive or systematic consideration of these matters in 
the academic literature and hence whether any particular application of a particular 
method may be considered successful when applied to a. particular situation usually 
remains undetermined (Rowe & Frewer, 2000). 
An evaluation can explore two areas of public participation: how the activities take 
place (the process), or the results of the process (the outcome). However, Davies et al 
(1998) suggests that there are two barriers to the consistent evaluation of approaches ' 
to public participation. The first is a lack of consensus on what public participation is 
supposed to accomplish. Are participatory processes intended to empower 
disenfranchised groups or to make it easier for decision makers to implement their 
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programs? Is a program successful if it simply involves more of the public, or should 
it have to result in demonstrably better decisions? A second barrier arises from the 
fundamental differences of opinion on the nature of democracy and relates back to the 
issues raised earlier. What is participation? Should the public participate directly? 
Does the involvement of interest groups in decision-making reflect public concerns? 
These, different perspectives on the nature of democracy and the purpose of 
participation have led to divergent approaches to evaluating participatory programs. 
The majority of the evaluations of deliberative techniques have been general in 
structure and not based on systematic criteria. Most of the criteria discussed in the 
literature are procedural rather than substantive, in that they relate to what makes for 
an effective process, rather than how to measure effective outcomes (Rowe & Frewer, 
2000). An initial review of the techniques available for the evaluation of participatory 
processes has highlighted a number of different techniques using a variety -of 
approaches: 
Webler's (1995) Fairness and Competence criteria. 
Beierle's (1998) Social Goals criteria. 
e Rowe & Frewer's (2000) Acceptance and Process criteria. 
5.6.4.1 Webler's., Fairness and Competence Criteria: 
A theory-based approach to evaluation was developed by Webler (1995) which 
focused more on the process of deliberation than the outcome of public participation. 
Using Habermas' theory of communicative action (see section 5.3), Webler developed 
a normative theory of public participation. His theory focuses on the micro-level of 
communication between individuals. Webler defined two goals for public 
participation; fairness and competence. Fairness is key to producing a forum where 
equality and popular sovereignty can emerge and personal competence can develop. 
When participation is fair, everyone takes part on an equal footing. Competence 
refers to the ability of the decision-making process to provide the participants with the 
procedural tools and knowledge to make the best possible decision. For each of these 
key elements Webler defined criteria and accompanying indicators that evaluate 
fairness and competence in participatory methodologies (Table 5.8). 
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Wcbler's theory is used, by a variety of researchers (see Renn et al, 1995), to review a 
number of novel and innovative public participation techniques. These include: 
citizen advisory committees; citizens' initiatives; citizens' juries; compensation; 
Dutch Study Groups; mediation; negotiated rule making; and planning cells. 
Table 5.8. Webler's Fairness & Competence Criteria 
Fairness Competence 
Anyone may participate Minimal standards for cognitive and lingual competence 
Assert validity claims Access to knowledge 
Challenge validity claims Consensually-approved translation scheme 
Influence final decision Most reliable methodological techniques available. 
(Source: Webler, 1995) 
Renn et al (1995) developed a classification scheme to assist in the characterisation of 
a problem related to public participation and match this characterisation with the most 
appropriate, available participation methodologies. They assume that public value 
differences are tied to factual uncertainties and trust in public institutions. Their 
classification scheme differentiates between three levels of environmental debate: 
The first involves factual arguments about probabilities, causal relationships and 
the extent of potential damage. This usually involves factual debates, 
accompanied by estimate of uncertainty, with experts holding opposing opinions 
about the validity of claims. 
The second more controversial debate concerns public confidence in institutions 
to deal with environmental threats and focuses on the trust that the public has in 
decision-making bodies to give adequate consideration to individuals' concerns 
and fulfil promises and expectations. Typically this debate does not rely on 
technical expertise but rather is concerned with achieving mutual awareness and a* 
commitment to the principle of reciprocity. 
The third debate is defined along competing social values, cultural lifestyle and 
worldviews. In this case neither technical expertise nor institutional competence 
and openness are adequate conditions for reaching collective agreement. 
The analysis concluded that for each of the three problem types, various models of 
participation seemed well-suited. For problems that can be handled mainly through 
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expertise, negotiated rule making and compensation are appropriate. For problems 
that involve more than disputes over facts but deal directly with trust, mediation and 
citizens' juries are useful. When debates concern fundamental value differences, the 
citizens initiative and Dutch Study Groups have the best potential to succeed. Finally, 
it was asserted that there are two models that lie on the boundary lines between two 
areas: Citizen Advisory Committees are suitable for disputes over facts and trust; 
whereas Planning Cells lie on the boundary between trust and value discrepancies. 
S. 6.4.2 Beierle's. - Social Goals Criteria: 
Beierle (1998) argues that the best way to evaluate a consultation exercise is to be 
specific about the social goals of the exercise, and then to attempt to rate the process 
on how well it meets each of these goals. The framework described in the paper is 
designed with three objectives in mind: to identify the strengths and weaknesses of a 
number of different participatory technologies; to be objective in the sense of not 
taking the perspective of any one party to a decision; and to measure tangible 
outcomes to the extent feasible. Thus the technique can determine whether 
participatory. programs are working, how they can be improved, which methodologies 
work best for particular needs, and ultimately whether participatory programs justify 
the commitment of public and private resources. 
The social goals, described in Table 5.9, are those goals which public participation 
ought to be expected to achieve but which transcend the immediate interests of parties 
involved in a decision. 
Beierle's paper reviews a number of public participation methodologies: non- 
deliberative mechanisms for obtaining information from the public; non-deliberative 
methods for providing information to the public; public hearings; citizen advisory 
committees; alternative dispute resolution; and citizens deliberations. Beierle 
describes which goals each method could achieve. The review breaks down the 
various methodologies into four component characteristics: information flows, the 
degree of interactions between potentially opposing interests, the type of 
representation and the decision-making role of the public (i. e. power). Each of the 
characteristics is linked to the six goals as follows. 
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Table 5.9. Beierle's Social Goals 
Goal Description 
1. Educating and Within a democracy citizens have the right to be involved in 
informing the public. decisions that affect them, to be effectively involved they need to 
know enough about the relevant issues in order to formulate 
alternatives and discuss outcome with others. 
2. Incorporating public There are differences between expert and lay perceptions of risk, thus 
values into decision- differences over values, assumptions and preferences should be 
making. deliberated in a process that assigns value to the lay perception of 
risk. 
3. Improving the The public is a legitimate source of knowledge that may, if 
substantive quality of consulted, improve the technical rigour of a decision. 
decisions. 
4. Increasing trust in Identifies that there has been a decline of trust in decision makers but 
institutions. recognises that trust restoration is critical to decision-making. 
5. Reducing conflict. Recognises that collaborative decision-making is more likely to 
result in lasting decisions which increase aggreg ate b2nefit. 
6. Achieving cost The selection and implementation of public participation methods 
effectiveness. ought to be the most appropriate given the issues and interests 
involved 
(Source: Beierle, 1998) 
Methodologies which provide infonnation about the public to decision makers will 
mainly be useful for providing public values (Goal 2), assumptions, and preferences 
and substantive information to improve the decision (Goal 3). Methodologies that 
provide information from the decision-making organisation to the public will mainly 
be useful for increasing public knowledge (Goal 1) and, to the extent that they 
increase transparency, increasing trust in the decision makers (Goal 4). It is assumed 
that methodologies in which the public represents itself will be better at achieving 
goals I and 4 than those which rely on public representation. Methodologies that 
allow for the two-way communication of knowledge between the public and decision 
makers will achieve all of the first four goals. The greater the degree of interaction 
between the public'and decision makers the greater the opportunity for reducing 
conflict between parties (Goal 5). 
Non-deliberative methodologies for obtaining information from the public include 
statutory procedures (e. g. comments on Environmental Impact Assessments (EIA)) 
and non-statutory methodologies (e. g. survey and focus groups). The techniques 
provide, 'a one-way flow of information (public to decision makers), little or no 
deliberation, and input is rarely binding on decision makers. Thus these techniques 
address only two of Beierle's 6 goals: they facilitate the incorporation of public values 
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into decision-making (Goal 2) and foster the generation of policy alternatives (Goal 
3). 
Non-deliberative methodologies for providing information to the public include such 
techniques as public educaiion campaigns and public notices. These techniques 
provide the one-way flow of information from decision makers to the public and are 
thus at the other end of the spectrum. These techniques again only address two of 
Beierle's goals: the ýreation of a better informed and educated public (Goal 1) and 
increase trust by increasing transparency (Goal 4). 
Beierle claims that one of the most common techniques used for public participation 
is public hearings. The two-way flow of information would suggest that public 
hearings ought to be able to achieve the first four goals of Beierle's framework: 
increasing public knowledge, providing decision makers with public values, provide 
substantive information to improve decisions, and increasing trust through 
transparency. However, Beierle highlights that there is usually little actual/real 
deliberation with public hearings and thus they have a limited ability to achieve the 
four goals. Furthermore, it is pointed out that public hearings are usually only 
attended by those who actually represent organised interests with an economic stake 
in the outcome. 
There are a variety of different Citizen Advisory, Committees (CAC) techniques, 
ranging from formal to informal. Advisory committee members are intended to serve 
as the voice of the public, although they often include elected official, elites, and 
atypical members of the public. Thus participants are often not representative of the 
wider public in terms of income and education. The technique often presents 
members with the opportunity to deliberate issues with a number of other interests 
with balanced representation. Furthennore, the technique usually plays an advisory 
role in providing infon-nation to decision makers. The deliberative and representative 
nature of CAC suggests that they achieve the first four goals within Beierle's 
framework. Furthermore as the technique is balanced it should provide opportunity 
for conflict reduction and it may also increase the probability that recommendations 
are acted upon, further increasing trust formation. 
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Under the heading of Alternative Dispute Resolution (ADR), Beierle identifies the 
methods of regulatory negotiations, a formal technique for stakeholders to negotiate 
the content of regulations, and stakeholder mediations, which describes a far more 
diverse set of approaches for bringing together opposing interests to settle divisive 
issues. Both techniques aim to reduce conflict and reach consensus and thus offer 
opportunity for two-way deliberation among a variety of opposing interests. The 
participants are generally professional representatives, the 'usual suspects', rather than 
member of the lay public; and parties are usually bound by their decision. It would be 
expected that the ADR approach would achieve the first four goals of Beierle's 
framework. However, due to involving the 'usual suspects', there is limited 
opportunity for public education. Nevertheless, -the approaches are excellent for 
providing decision makers with public values, assumptions, preferences and 
substantive information for improving decisions, although there are limited 
opportunities for trust formation as the technique only consults the usual suspects. 
Citizen deliberation techniques encompass Citizens'- Juries/Panels and Consensus 
Conferences. These methodologies utilise non-expert citizens, not interest group 
representatives; as 'value consultants' and analyse technically complex subjects and 
are thus explicitly designed to allow for two-way communication between experts and 
the public. These factors suggest that deliberative forums are particularly good at 
achieving the first four goals. However, there are drawbacks. 'Me approaches limit 
the number of - opportunities for interaction between interest groups and thus 
opportunities f6r conflict resolution are minimal. ' Furthermore, Beierle also states that 
trust formation is also unlikely, as the results are often only advisory. 
S. 6.4.3 Rowe & Frewer's. - Acceptance and Process Criteria: 
A third approach to the evaluation of participatory techniques is that developed by 
Rowe and Frewer (2000), based on a set of acceptance and process criteria. Similar to 
Beierle's social goals'concept, the technique is more concerned with the specific 
operation of a consultation exercise. 
Their assessment focuses upon the need to consider which'aspects of participatory 
processes are desirable and then to measure the presence or quality of these process 
aspects. To this end, a number of theoretical evaluation criteria that are essential for 
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effective public participation are specified. These comprise of two types: acceptance 
criteria, which concern features of a method that make it acceptable to the wider 
public, and process criteria, which concern features of the process that are liable to 
ensure that it takes place in an effective manner (Table 5.10). Rowe and Frewer 
(2000) produce a relatively tight set of c'niteria that can be used to assess the 
effectiveness of participation methods. These are then used to theoretically assess the 
most formalised methods: referenda; public hearings; public opinion surveys; 
negotiated rule making; consensus conferences; citizens' jury/panels; citizen advisory 
committees; and focus groups. 
The evaluation frameworks enable an understanding of what makes a consultation 
process good and what the core requirements of such a process are. Of the 
participation processes assessed it was highlighted that each process had its own 
characteristic strengths and weaknesses. 
The public hearing - which is perhaps the most common method for engaging the 
public - scores relatively low on both acceptance and process criteria. They are 
normally run during the day in locations that are formidable to the public and may 
disadvantage low-income and minority citizens. Furthermore, communication is 
primarily one-way, with a limited debate between the decision makers and the public. 
Essentially, they are perceived to contain and control participation by allowing limited 
choices, on narrow questions at a late stage of the decision-making process. 
Referenda, public opinion surveys, and focus groups rate reasonably well on 
acceptance criteria but not on process criteria. - Their participants are usually 
representative of the population and independent of sponsors, and their results and 
processes are generally simple and transparent. Because opinion surveys and focus 
groups may serve as the basis for subsequent decisions, they may be implemented at 
an early stage of any decision-making process. Additionally they require fewer 
resources than other procedures, and are thus cost effective. However, there are 
drawbacks. There is no structured access to resources to enable them to make good 
decisions -ý as such their output may reflect biases and misunderstandings that have no 
opportunity for resolution. ' Furthermore, none of the methods allow dialogue between 
decision makers and the public, and they may even be accused of displacing active 
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forms of participation. In the case of focus groups, they can be perceived as limiting 
transparency as they are often carried out behind closed doors - although this could 
easy be improved; e. g. news media releases. 
Table 5.10. Row'e and Frewer's Accevtance and Process Criterions 
Description 
Acceptance Criterion: 
Representativeness The public participants should comprise of a broad 
representative sample of the population of the affected public. 
Independence The participant process should be conducted in an independent 
unbiased manner. 
Early involvement The public should be involved as early as possible in the 
process as soon as value judgements become salient. 
Influence The output of the procedure should have a genuin .e impact on 
the decision. 
Transparency The process should be transparent so that the public can see 
what is going on and how decisions are made. 
Process Criterion: 
Resource accessibility Public participants should have access to the appropriate 
resources (information, human, material and time) to enable 
them to successfully fulfil their brief 
Task definition The nature and scope of the participation task should be clearly 
defined. 
Structured decision- The participation exercise should use/provide appropriate 
making mechanisms for structuring and displaying the decision-making 
process. 
Cost-effectiveness The procedure should in some sense be cost-effective. 
(Source: Rowe & Frewer, 2000) 
The negotiated rule-making approach makes a More concerted attempt to structure the 
decision-making procedure of the participants, emphasising that resources are 
available to make good decisions and that the task is precisely defined. The technique 
is also fairly influential upon decision makers. However, the technique does score 
lowly on most acceptance criteria, and may be accused of not being a public 
participation process at all. The approach is limited to leading members of the various 
interest groups and there is little effort to involve the general public. Therefore, this 
approach scores low for representativeness. Additionally the excise is usually carried 
out behind closed doors and as a result transparency is reduced. 
Approaches such as consensus conferences, citizens' jury/panels, and CAC score 
reasonably well on both acceptance and process criteria; e. g. through early 
involvement and task definition. Furthermore, there is a great deal of emphasis on 
providing public participants with appropriate resources and, due to the time 
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constraints and the limited number of participants involved, the approaches when 
compared to others, e. g. public hearings and referenda, can be perceived as relatively 
cost effective. The citizens' jury scores no more highly than the consensus 
conference, for although a citizens' jury is usually cheaper to implement it is not 
completely transparent as it is carried out behind closed doors. However, despite 
these generally good ratings, the approaches nevertheless leave room for improvement 
in a number of areas. Although each attempts to gain public representativeness, their 
scores are only moderate due to the small sample sizes they employ. Furthermore, it 
has been suggested that there are various imbalances in the selection of panellists. 
The group-based mechanism underlying these approaches is also a potential source of 
difficulty as group behaviour can result in a sub-optimal environment; e. g. when 
vociferous individuals monopolise discussions. However the influence of a neutral 
facilitator and the definition of rules and guidelines usually provide a degree of 
support to the decision-making process. 
5.6.5 Review of Deliberative and Discursive Approaches 
The proponents of deliberative and discursive approaches argue that there are many 
strengths associated with the techniques. Primarily, they recognise that people have 
mixed motives and values towards environmental decision-making and that these 
values and motives are articulated across ecological, economic and social objectives 
and criteria. Secondly, they foster civil habits and democratic values and can be 
framed to specifically address problems of a collective character, which involve 
public as well as private interests. Participants engage in reasoned dialogue where the 
aim is not compromise but convergence in judgements. Thirdly, the techniques do not 
assume or require value comensurability or compensability and rely on weak 
comparability amongst values, objectives and criteria. Fourthly, they can challenge 
and consider intergenerational issues and propose innovative solutions including 
outcomes not limited by existing practices. Finally, they present participants with 
information from many points of view, that can be examined, defended through the 
calling of witnesses, and discussed to arrive at informed value judgements. Value 
judgements are thus constructed through discussion, deliberation and reasoned 
dialogue. 
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However of the various techniques analysed by the three evaluation methodologies it 
is obvious that different techniques perfonn differently in different enviromnents. 
None of the participatory approaches is able to out perform all the others on all the 
criteria; some criteria are never met, others are'met only partially. In spite of these 
results, most of these models show promise in one form or another. 
In conclusion, the most appropriate techniques for participatory decision-making are 
the consensus conference and citizens' jury processes 103 ; although many argue that 
they are extremely similar (e. g. Crosby, 1999). ' The techniques are appropriate for 
risk communication and are conducive to trust formation as they are: 
Informed: they seek an informed public viewpoint, not instant reactions. 
Deliberative; they encourage/produce interactive group discussion. 
Independent: they are carried out independently from the final decision maker. 
Consulting; they consult experts, policy makers, and ordinary people. 
5.7 Summary of Techniques Available for Value Elicitation 
The traditional 'technocratic' consultation style in enAromnental legislation has 
p. roved unsatisfactory for a number of reasons: it'is resource intensive; it involves 
representative spokespeople rather than inclusive interests; it often informs the 
develoP'ment'of principles which may hold certain attributes to be inherently 
desirable, irrespective of perceived benefit; it is relatively passive (e. g. a limited range 
of options put forward); there is little attempt to target responses from 'qualified' or 
interested groups; and there is a lack of independence (Rackman & Mitchell, 2001). 
In response to these issues this chapter has critically reviewed the three most 
commonly adopted techniques for the elicitation and inclusion of values within 
environment I al de6ision-*making; i. e. neo-classical economics (i. e. Cost- benefit 
Analysis (CBA)); decision support techniques (i. e. Multi-Criteria Analysis (MCA)); 
and those that have evolved from the deliberative and discursive field (deliberative 
decision-makini). A number of points have been highlighted: 
"' An outline of the Consensus Conference and Citizens' Jury processes is presented in Appendices M 
and N, respectively 
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Neo-classical economics as a sole decision-making aid is insufficient as it treats 
people's valuations of the environment in the same way as their valuation of 
ordinary market goods -a category mistake (Sagoff, 1998). Hence it does not 
serve as an adequate means of recognising such environmental concerns, but only 
of systematically misrepresenting them (Banner, 1999). Furthermore, as the 
approach lacks transparency (e. g. an audit trail) it obscures information and does 
little to enhance public confidence in decision makers. 
Decision support systems do improve on economics as a method for the elicitation 
of values by making a larger range of social values commensurable in the sense of 
weak comparability; i. e. the techniques can deal specifically with public and 
private issues by allowing the comparison of economic and social values along 
with ecological values. Furthermore the technique is relatively transparent. 
However, it can be argued that because it bases its assumptions on a utilitarian 
basis, MCA suffers from the same moral issues as the welfare economist's 
application of CBA. 
The deliberative decision-making techniques rely on the premise that effective 
environmental risk management is a political matter. Thus, these techniques aim 
to develop more effective means of public participation, because it is only possible 
through deliberation to make the decisions and find solutions to the challenges 
facing society-, people's environmental and social values are the outcome of 
informed reflection and debate. In response a variety of transparent deliberative 
techniques are available for including public deliberation within decision-making 
of which, in most instances, the most effective are citizens' juries and consensus 
conferences. 
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5.8 Discussion 
Within this chapter the three most commonly applied tools for the elicitation and 
inclusion of values in decision-making have been reviewed and it has been established 
that those that involve a wide diversity of stakeholders and citizens within a 
deliberative environment, such a's Citizens' Juries and Consensus Conferences (see 
Appendix M and N) are the most effective techniques. However, there are differences 
in these techniques, which need highlighting, the most important of which relates to 
the level of control the stakeholders have over the decision-making process. Within 
the Citizen' Jury a'small group of people, selected either at random or to match the 
profile ofa particular community, are asked to consider an important question relating 
to the policy or planning. An independent moderator facilitates their discussions, and 
they' are asked to make recommendations' at the end of their deliberation. The 
questions to be considered, ' -the programme and the choice of witnesses are usually 
decided upon by aii'advisorY group of stakeholders and focus groups may also be used 
to define/refine the question put to the jury. The 'moderator writes a report 
incorporating the recommendations and circulates this to the jurors for approval. This 
is then submitted to the commissioning body, however, the jury's verdict is not 
binding, nor need it be unanimous. Conversely; within the Consensus Conference 
approach, although it consists of a similar number of I participants (commonly 
recruited through national advertising), at the first Consensus Conference meeting, at 
which discussion"is facilitated, the panels itself takes control of the agenda. It is 
responsible'for conducting its own investigation and identifies the expert 'witnesses it 
wishes to hear, it -examines witnesses at a public conference, and the panel itself 
writes a report which is presented in public. Thus, whilst Jurors have no control or 
input into the style'and nature of the decision process (the importance of a baseline 
process is outlined in Chapter Two), their deliberations are simply intended to- inforrn 
a decision by others. Conversely, the participants in a Consensus Conference have 
much more freedom, and control, over the decision-making process since they 
themselves define the problem and the means by which it will be addressed. 
However, these approaches are typically only used to inform/promote public debate 
on issues at a fairly strategic level in order that politicians and government are made 
aware of the attitudes, hopes and concerns of the public. As a result the techniques 
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are only commonly applied to broadly defined topics which are often more relevant at 
the policy level 104 . Obvious links can be drawn with the BNFL National Dialogue 
which involves a wide range of organisations and individuals interested in or 
concerned about nuclear issues. Its aim is to inform BNFI: s decision-making process 
about the improvement of their environmental performance in the context of their 
overall development. The dialogue is open to national organisations and regional 
groups as well as expert and specialist concerns. 
However, such approaches are of limited value for environmental regulation and 
decision-making at the process level, as discussed in Chapter Two: e. g. the concept of 
Best Practicable Environmental Option (BPEO), enshrined in the Environmental 
Protection Act (1990) as the cornerstone of Integrated Pollution Control (IPC). This 
is because decision-making at this level aims to ensure the identification and 
implementation of optimum solutions to support the regulatory process. Issues to be 
balanced in the decision making process typically include, for example, 
environmental and safety impacts, technical feasibility and project risk, financial 
constraints, and also, increasingly, regulatory and public acceptability. 
Clearly, for decisions at the process level, a MCA approach would be helpfýl because 
it respects the components of the BPEO methodology discussed in Chapter Two (see 
Table 2.2) whilst integrating the wider business and social components within a 
structured decision-making framework. Based on the findings in this chapter, it is 
decided that, of the MCA techniques available, the MADA approach is the most 
appropriate. Furthermore, the structured framework provided by MADA appears to 
be capable of adequately incorporating the environmental information generated 
through the application of Life Cycle Assessment (LCA); see Chapters Three and 
Four. 
" For example Consensus Conference have been, used to inforin national electricity policy 
(Switzerland); radioactive waste management (USA & UK); telecommunications & future of 
democracy (USA); irradiation of foods (Denmark); sustainable consumption (Denmark); gene 
technology in the food chain (Australia); electronic identity cards (Denmark) and, the ethics of 
genetically modified foods (South Korea). This is also true for Citizens Juries, although there are 
examples where the technique has been applied at a low level of decision-making; e. g. Cologne Town 
Hall Project (Germany), Improvement of Swiss Cottage Site, Camden (UK), and the siting of landfill 
sites in Argua (Switzerland). 
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In a bid to reduce the limitations raised with'regard to the application of MADA 
identified in section 5.5.5, it was originally proposed that the social component of the 
decision be developed through involving stakeholders within a Decision Conferencing 
environment (as outlined in section 5.5.3). - Such an approach was suggested because: 
" It represents all key perspectives on the issue in question, and will take wider 
account of their 'values' in decision-making 
" It has a strong theoretical grounding, in, MAUT and can articulate across 
ecological, social and economic values. 
" It is based on an iterative process with multi-way communication and has the 
ability to deal effectively with'the constructive nature of values. Hence, MCA 
seems to avoid the problems (associated with commensurability and 
compensatability across values and persons. 
It is an established technique for structuring, and solving a wide variety'-of 
controversial and complex decision-making problems 
It applies computer modelling to allow participants to try different judgements 
Its; n to change their views. Instant without'commitment, to see the resu and the 
play-back of results which can be seen byall participants helps to generate new, 
perspectives, and to stimulate new insights about the issues. 
It often reveals higher-level perspectives that can resolve differences in individual 
views, and through sensitivity analysis shows agreement about the way forward in 
spite of differences of opinion about details. `,,,, ' 
Furthermore, in a'bid to further develop the social, component for conducting MADA 
and develop on the foundations laid by Renn et al (1993) (see section 5.5.4), it was 
proposed that citizens be involved ý within the MADA - framework - to enhance the 
decision-making process. However, BNFL were conc erned about such an approach, 
and indicated that they would be more comfortable conducting decision-making 
processes which included only industry stakeholders. This was because participation 
within BNFL's BPEO decision-making -has, historically been limited to BNFL 
representatives and, given the evolutionary nature of developing frameworks and 
understanding their potential consequences, BNFL was not in a position to involve 
itself in deliberations'with citizens., Consequýýntly, -a smaller development step was' 
proposed, to involve key stakeholders rather than citizens. Although this is a 
limitation on the original objective, the research still expands the participation of 
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stakeholders in decision-making and therefore more adequately accounts for the wider 
range of values relevant to decisions within the nuclear sector. 
Another factor driving the application of a MCA approach to environmental decision- 
making was that BNFL were concurrently, but independently from this research, 
developing a MCA approach to decision-making, called the Decision-making 
Methodology (DMM), which appears to be heavily based on the MADA approach. It 
was proposed, in order to -get BNFL to 'buy-in' to this research, that their draft 
framework could be used to structure the decision-making exercises. Furthermore, 
although the DMM in principle has the flexibility to encompass LCA data and 
stakeholder contributions for BPEO assessments, it does not at present do so. 
Therefore, the DMM was used to structure the decision-making workshops outlined in 
Chapter Six, to explore its effectiveness as a decision structuring framework. 
As there are a limited number of critical reviews of MADA and Decision 
Conferencing techniques in the literature, particularly those that involve an LCA 
component, it is anticipated that this research will make a valuable contribution to this 
field of research. Furthermore, as the workshops are structured using the DMM it 
provides BNFL with a forum for the assessment of their current decision-making 
methodology. 
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Chapter 6 
Integrating LCA & Stakeholder Deliberation 
for Decision-making 
6.1 Introduction 
The nuclear sector suffers from a lack of public confidence, a position that is 
perpetuated as a result of decisions traditionally being made in a technocratic manner. 
However, it is recognised that environmental decision-making within the nuclear 
sector is a complex subject, and as a result the previous chapters of this portfolio have 
focussed upon two key areas. Initially, the application of Life Cycle Assessment 
(LCA) to investigate the scope of environmental information currently used in 
decision-making and the difference in emphasis between radiological impact 
abatement and the resultant non-radiological impact was investigated. Chapter Three 
explored radionuclide impact assessment within LCA and Chapter Four investigated 
the life cycle environmental impacts resulting from the abatement of Carbon-14 (14C) 
arisings from the BNFL Sellafield Site. 
Secondly, as introduced in Chapter Two and discussed more fully in Chapter Five, it 
is highlighted that the lack of public confidence in the nuclear industry is not solely 
due to a lack of public understanding but relates instead to the environmental 
decision-making process. Whereas industry, regulators and government take a 
technocratic approach to environmental decision-making (i. e. utilising facts and 
figures, making decisions in isolation and communicating the outcome in a one way 
manner), opponents are often disenchanted because they focus their arguments upon 
the issues of fairness, equity, and values which surround decision-making. Chapter 
Five therefore reviewed a number of techniques available for the elicitation of values 
and their inclusion in environmental decision-making. It was concluded that 
technique's that involve a wide diversity of stakeholders and citizens within a 
deliberative environment are the most effective, such as Citizens' Juries and 
Consensus Conferences. However, because these techniques are typically used to 
275 
Chapter6 
inform/promote public debate on issues ýt a fairly strategic level, they are expected to 
have limited application for environmental decision-making at the regulatory level 
within the nuclear sector. As a result, it was concluded that Multi-criteria Analysis 
(MCA), i. e. Multi-attribute Decision Analysis (MADA), applied within a deliberative 
decision-making environment (i. e. Decision Conferencing) would be most 
appropriate. Furthermore, it was highlighted that BNFL have developed a "draft' 
MCA approach for decision-making, called the Decision-making Methodology 
(DMM). 
Building on these findings, this chapter explores the potential evolution of 
environmental decision-making in the UK nuclear sector through assessing a Decision 
Conferencing approach _utilising 
the comprehensive environmental information 
provided by LCA. The DMM is used to structure the, Decision Conferencing 
exercises. Through adopting such an approach this research will: 
9, Assess the application of LCA information for environmental decision-making, 
particularly in addressing the balance between the provision of quantitative 
information for radiological and non-radiological impacts. 
Test the effectiveness of stakeholder inclusion within decision-making through 
ensuring that different stakeholders can contribute and be given the opportunity to 
comment on the use of LCA results in a MADA framework. 
e Explore the hypothesis that the inclusion of stakeholders and LCA data within the 
decision-making process not only increases the fairness and robustness of the final 
decision, but also enhances its acceptance by those party to the decision-making 
process and those affected by it. 
9 Test the general effectiveness of the BNFL DMM (i. e. a MADA approach) for 
structuring decision-making processes and, more specifically, to assess the 
potential limitations of the methodology discussed in section 6.2.3. 
6.2 BNFL's Approach to Environmental Decision Making 
As discussed in Chapter Two, unlike the situation that exists in relation to processes 
controlled under Integrated Pollution Control (IPC) and Pollution Prevention and 
Control (PPC), there is no standard methodology or definitive guidance for the 
application of the concept of Best Practicable Environmental Option (BPEO)/Best 
Available Technique (BAT) to the authorisation of radioactive waste management at 
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nuclear licensed sites. BNFL have therefore developed decision-making 
methodologies in order to fulfil requests made by regulatory bodies.. 
6.2.1 'Guidance on Best Practicable Environmental Option' 
BNFL's first company wide BPEO methodology was their 'Guidance on Best 
Practicable Environmental Option' (MG/F2,1998) which outlined a methodology for 
carrying out BPEO assessments for radioactive discharges to ensure that all important 
factors, such as risk, financial cost and benefit, were adequately addressed in decision- 
making. The guidance was derived from documents published by the Environment 
Agency (EA) and broadly followed the stages of the EA's IPC methodology. The 
most recent application of the BNFL guidance was in 2000 when the EA, as part of 
their full re-examination of Sellafield's radioactive discharges and disposals under the 
Radioactive Substances Act 1993 (RSA93), requested that BNFL carry out studies to 
determine isotope specific BPEOs for eight key radionuclides. BNFL's guidance was 
reviewed and accepted by the EA prior to the studies being initiated. In addition, in a 
bid to validate the methodology used for these assessments, BNFL requested that 
NRG (Van der Steen et al., 2000) carry out an independent peer review of their 
approach to decision-making. NRG concluded that, in general, the broad conclusions 
drawn by BNFL were valid, and that the BPEO assessments had been carried out in 
compliance with the definition of a BPEO as given by the EA under IPC. However, 
they raised a number of criticisms regarding the validity of the methodology. An 
outline of BNFL's Guidance on BPEO, and the criticisms made by Van der Steen et al 
(2000), is presented in Appendix 0. 
6.2.2 The BNFL Decision-Making Methodology (DMM) 
In light of the criticisms of Van der Steen et al (2000), and independent of this 
research, BNFL commissioned further research into environmental decision-making. 
This research culminated with the publication of the company"s draft 'Decision- 
making Methodology (DMM)' in September/October 2003105, and it is this 
methodology which is used to structure the decision-making process described in 
Section 6.4 of this chapter. 
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The DMM, an outline of which is presented in Figure 6.1, appears to 
be based heavily 
oil tile Multi-Attributc Decision Analysis (MADA) approach outlined in Chapter Five. 
']'he purpose ofthe DMM is to provide guidance and a methodology for undertaking a 
range ofassessments that require the evaluation of a number of options, to achieve an 
end-point or decision. The key driver for establishing a single methodology is the 
promotion of quality assessments that deliver robust decisions in a suitably consistent 
and auditabic manner (DMM, 2003). 
The DMM (2003) is described as 'a 'stepwise' process that breaks the decision- 
making assessment down into seven key stages that must be completed in turn to 
arrive at the decision. The methodology is not intended to supersede all existing 
decision-making methodologies current4V in use within BNFL, and it is expected that 
decision-making practitioners will be. Mmiliar with some (ýfnot all) of the steps 
proposed within thefiramework. However, it does provide a common ftame-work to 
allow every decision-making step to be recorded and presented in a consistent 
manner across BNFL and it is expected that, where current methodologies are 
ý&ctive and sati, ýMctotýv, they will be easi4 translated across into the DMM rmat V 
. 
for presentation. The structure allows every decision-making process to follow the 
same key steps to promote consistency in approach, but also recognises the need. for 
flexibility in the methodology to address specýfic decisions. It is intended that the 
DMM be used as guidance. for best practice. for any decisions relating to optimisation 
of environmental discharges, these include: regulatory BPEO assessments (e. g. 
regulator request. 16r stream-speci/ic BPEO assessment); long term strategic projects 
(e. g. decommissioning of legacy plant on a site and site Best Practicable 
E'nvironmental Option (BPEO) assessment): and short term engineering projects (e. g. 
consideration qfend-qI-'pipe abatement plant and choice of aerial abatement system 
in a new plant)'. 
105 The DMM was in draft form when it was assessed. Therefore the methodology used and the 
comments made regarding the application ofthe approach relate to this draft publication. 
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Figure 6.1 The Decision-niaking Meilio(fology (IMM) 
1. Establish the Decision context 
Agree Decision scope and ob. jcc(ivc(s) (Panel 1) 
" Outline roles and responsibilities ofDccision Sponsor(s), Decision Analysi(s), 
Peer Review Teani(s) and identify Stakeholders (Panel 2) 
" Identify and outline the Decision parameters, constraints and risk(s) (11ancl 3) 
" Agree timescales and resource requirements for Decision making process (Pancl 4) 
2. Identify the options to be appraised 
Consider all options 
Include a 'continue as at present' option 
Avoid pre-selection of a preferred option 
Screen against constraints and park non-feasible options 
Utilise groups of Experts (brainstorm) 
3. Identify and define assessment Criteria 
Select criteria (see next page) for option assessment against Decision 
objective(s), specific stakeholder or soclo-political criteria must not be 
used. 
Agree and document criteria definitions 
Orgamse criteria hierarchy into a Value 'Free (see next page) 
4 : j Q: 4. Select appropriate methodology to assess Options against Criteria Collect data and identify/address data gaps 
IIi ive Consider data availability and quality; decide on qualitative/quant tat' 
or combination data for evaluation 
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: 
5 Assess Options 
1z : 
Apply assessment methodology selected in 4.0 
Record all decision making and reasoning 
1,1 
6. Present the results 
Determine option performance (i. e. calculate scores) 
Pertlorm sensitivity analysis 
Select best option (in some cases, more than I option will be 
progressed) 
Consider need for re-assessment if initial assessment fails to achieve 
objective(s) 
Assess potential for decision conflict 
Assess risks. Use Strategic Action Planning where there is significant 
uncertainty. 
Peer Review 
la RegyulatorV 111"PA) 
Refer loas 
_111, 
F0 Aysussnirnt 
Only carry out Oil specific ICLItic"I by Rel'uLifol 
" Agree ructliodolory and scope %ilh Rcgulatof 
(i. e. streani'liticlide specific and"01 plant site 
witle) but only conduct a Technical Assessincia 
(scc box 4a I 
" When thc scopc is pi-c-detennined by the 
Regulator, ýIjjy lijuitýjjions ofthe ýjppioaclj 
should lie c1caily documented 
" Agree peer review requirements and 
arrangeirmils. As a minimum [lie BITO study 
musl be pecr reviewed by an independent 
intemal body. External peci revicA is ýIionj+, 
advised lor public domain studies 
3a 
Use Standard RSA 93 BPEO critena 
RLcognise potential socio-political lactois and 
Stakeholder pet-ception issues but do not 
include ; ocio-polifical critc6a 
Consider both radiological and non-radiological 
4a 
Compile data against Standard RSA 93 BPFO 
criteria (see next page) 
Adopt Best = 10 Worst ýý I scoring system 
5a 
Convene decision workshop(s) with Dmision 
Analysts and experts 
Be mindful that the assessment will be revisited 
periodically and new itil'onnation may become 
available 
6a 
Present Technical BPEO 
Peet review 
prepare Balance Sheet 
Decision Sponsor 
declares BNFL Decision 
--F-11111 11-1 . 
RSA 93 Submission 
Socio-political input 
public consultation 
Regulator Decision 
7. f niplement, monitor and review 
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Breakdown Structure' 
at on specific rquesi hy Rcguhlor 
dology and scopc with Rcguhlor 
uclidc sPccific mid/or pkint/sitc 
y conduct a rccil, licll Asscssincni 
)pc is pre-clctermincd by the 
liy lifilitatioils ofthe approach 
, arly 
documented 
ývicw requirements and 
As a millijjuln the BPEO study 
rcvlewed by an independent 
. 
Extmijil Peer review is strongly 
ublic domlin studies. 
I RSA93 Bill: () cl ile, iýj 
ItIntiOl `K)cio-political foctors and 
lercePlion issues but do not 
-POlitic, il critcria 
h F-adiologicol and non-radiological 
i against Standard RSA 93 BPFO 
ýext page) 
1 () ýV`rst scoring system 
ision workshop(s) with Decision 
CXPLrIs 
lat the assessIncnt will be revisited 
WJ 'e"I i'll'ormation may become 
nt Technical BPEO 
Peer revicw 
Prepare Balance Shuct 
icision Sponsor 
, es BNFL Decision 
---L -'ecr -1- -11 k 93 Submission 
socio-polifical input 
Public consultation 
I ulator Decision 
Ib Lonp_-terni strategic planning 
Rcl , er to as Strategic 00ioncering 
Assessment 
Fstablish and docunmit business drivers and 
idcritily commercial risks 
Frisurc compatibility with Front-End Loading 
(FFL) process 
Consider Rcgulator/Stakeholda input. Liaise 
with Sustainable Policy Tearn. 
3b 
Consider direct Stakeholder consultation 
dialogue where appropriate 
Consider both short and long-term criteria 
Utilise Standard RSA 93 BPEO criteria (see 
next page) if and where appropriate 
4b 
" Methodology to pci-lonn a Stratejic 
()ptioncering Assessment 
" ('ollect data against relevant crilcria and 
aitributes 
5b 
Convene decision worksholXs) with Decision 
Analysts, expetis (and external stakeholders it' 
considered appropriate)Unlikely to be a 'once- 
through' asscssinent and will therefore require 
several iterlitions Pfior to selection of a single 
prellen-ed 
6b 
Likely to he an itenative process 
Re-visit and refinc options where appropriate 
Consult with Decision Sponsor 
Consult Rcgulator/Stakcholders 
Assess potential fim, decisioll con. lict 
( J,, c of Balance Sheets whe, C 'Ippropriitc 
7b 
I'nsure final decision mects s'col)v and 
ohicclive", 
le Short-term 'one-off' pro*ects 
" Refer to as Optioncering Assessment 
" Project driven 
" Ensure compatibility with Front-Frid Loading 
(FEL) process 
" Likely to be time and resource limited 
" Consult with Sustainable Policy Team where 
external stakeholder issues may arise 
3c 
" Recognise potential socio-political factors and 
Stakeholder perception issues but do not 
include socio political criteria. Liaise with 
Sustainable Policy Team where necessary. 
" Utilise Standard RSA 93 BPEO criteria (see 
next page) if and where appropriate 
4c 
Methodology to pcrfon-n an Optionecring 
Assessment 
0 Collect data against relevant criteria and 
attributes 
5c 
0 Convene decision workshop(s) with Decision 
Analysts and experts 
6c 
" Declare BN FL, decision 
" Rc-visit and refine options where appropriate 
" Consult with Decision Sponsor 
" Consult Rcgulator/Stakeholder% 
" Assess potential for decision conflict 
" Use of Balance Sheets where appropriate 
7c 
Ensure final decision meets scope and 
objectives 
This Page Is Intentionally Blank 
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6.1 (Continued) The Decision-making Methodology (DMM) 
Panel 1: Decision Scope and objective(s) 
" Make a Statement of Initial Aims. Clarity about the 
aims will help to define the tasks for subsequent 
stages and will keep the analysis on track. This 
should include a definition of the analysis end-point. 
" The principal objective should unambiguously state 
the intended application and raison d'etre for the 
study. 
" Be aware that, as the assessment progresses, new 
features or issues may become apparent that could 
signify a shift in aims. 
" Scope and objectives must be agreed by Decision 
Sponsor(s) and Decision Analyst(s) (and any other 
Stakeholders where appropriate) [see Panel 2] in 
advance of assessment commencement. Be aware 
that stakeholder groups may perceive aims and 
objectives differently. 
FOLLOW APPROPRIATE 'STEP BREAKDOWN' 
STRUCTURE 
RSA 93 BPEO Standard Criteria 
Panel 2: Roles and responsibilities 
" Decision Sponsor: Person who initiates or requests, 
the process and is responsible for ownership ofthe 
Decision. Preferable to select a nominated 
individual (Customer or Project Manager). When 
initiated by the Regulator a BNF L, Decision Sponsor 
should be nominated. 
" Decision Analyst: Any person who contributes to 
the Decision Making process. All Decision Makers 
are responsible for inputting to the process and 
agreeing the outcome. 
" Peer Review Tearn: Persons responsible for 
independent review of the assessment. These can be 
internal and/or external to BNFL but must be 
'independent' of the assessment. 
" Stakeholder: Person or group of persons who arc 
considered to have a vested interest in the decision 
process or outcome. These can be internal (e. g. 
employer / employees) or external (i. e. 
public/NGO/Regulator). 
Primary Criteria Measurable Attributes Consider for Life-Cycle 
Construction Operations Out of envelope End of'Lifie 
nvironment and Safety Chemical impacts aerial / liquid / solid, prescribed substance, limits, concentration, 
source / pathway / receptor 
Radiological impacts aerial / liquid / solid, limits, concentration, source / pathway 
receptor 
Resource use materials (scarce /energy intensive / by-products), energy 
demand, 
Disturbance / Nuisance noise, odour, visual 
Worker dose construction / operations / commissioning / decommissioning 
Accident risk accident scenarios, risk to adjacent plant 
_ Conventional safety 
_ conventional safety 
Secondary waste Non-rad to logical and non-chernical waste generation and 
disposal 
Technical Technical confidence process or technique - available / lab scale / concept 
Compatibility with 
existing systems 
utilisation of / impact on existing plant upstream / downstream 
Implementation time time to reallse and implement the option, design, construction, 
authorisation, commissioning 
Economic time costs Capital cost, operational costs, post-operational costs including 
liabilities 
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Panel 3: Decision parameters, constraints and risks 
Business and Regulatory constraints should be 
discussed and agreed in advance. These can be used 
as initial screening criteria that options must satisfy 
prior to full assessment. Record all discarded 
options for possible reconsideration if constraints 
are subject to change. 
Assess and document all potential risks (i. e. 
financial/commercial/Regulatory) and identify 
unacceptable risks. 
Decision Tree for RSA BPEO 
Panel 4: Timescales and resource planning 
Decision Making processes can be very time and 
resource intensive and this should not be 
underestimated. 
" The complexity of the decision model should be 
proportional to the scale of decision to be made and 
this will be reflected in the time and resources 
required to undertake the analysis. 
" Identify all relevant experts and Decision Makers 
who will be required to input to the decision 
analysis. 
" Identify and address any resource gaps. 
" Agree format for decision analysis: 
workshops 
Gone-to-one' interviews 
desktop studies 
" Prepare a Programme for completion of the decision 
analvsis. 
DECISION 
Env&SafetY Technical Economic 
1. I'll 
Rod Impact Nuisance Accidýnt risk:, 2nd wastes : Compatibility: Lifetime cost 
Chem impact Resource Work dose Conv Safety Confidence ImpImnt time 
7his Page is Intentionally Blank 
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A key characteristic of the 'Regulatory BPEO' framework within the DMM (See 
Figure 6.1, Box la) is that it attempts to separate the scientific and micro-cconomic 
components from the socio-political components of environmental decisions (See 
Figure 6.1, Box 6a). BNFL recognise that economic and environmental factors can be 
obscured by socio-political factors. Thus, whilst BNFL do not expect the economic, 
environmental and socio-political components of decisions to be given equal 
significance, the approach has been adopted to show clearly which factors (i. e. 
technical and economic or socio-political) have influenced - the 
company's/regulator's/govenunent's final decision. Jhe intent of such an approach is 
to provide transparency as to whether technical or economic considerations have been 
over ridden by socio-political considerations. The DMM is therefore structured to 
produce a technical assessment (i. e. addressing the technical, environmental, safety 
and micro-economic aspects of options) using a MCA approach, which is then 
incorporated into a 'Balance Sheet'. 
The 'Balance Sheet' , summarises Cost Benefit Analysis (CBA) information, 
representing the impact-of the option(s) in terms of financial benefits and detriments 
(e. g. the cost of abatement equipment against a monetary value based on statistical 
'lives saved' arising from reduction in radiological dose) and presents an account of 
the non-quantifiable socio-political factors (e. g. government aims and employment 
effects), determined by BNFL experts in isolation, for the considered option(s). Once 
collated, the 'Balance Sheet' information would be used to review the outcome of the 
technical BPEO and assess whether socio-political factors have sufficient significance 
to alter the technical outcome. The final BNFL decision would be made and declared 
by the Decision Sponsor (Figure 6.1, Panel 2) and the 'package' of information would 
then be submitted to the Regulator (e. g. the Environment Agency), who would engage 
in public consultation and consider any wider social components prior to making their 
Regulatory Decision (DMM, 2003). BNFL's intent is that the DMM should provide a 
more transparent decision-making process which presents clear technical and 
economic justification for option selection along with the influence of socio-political 
factors. In turn it is'hoped that regulatory/governmental reasoning will be made more 
transparent. 
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However, it is important to highlight that following the submission of the BNFL 
decision 'package' to the regulators, any transparency gained from the BNFL 
methodology is likely to be lost. This is because the regulatory body attempts to 
incorporate the wider social components of decision-making through consultation 
with the public and statutory consultees. This approach lacks transparency and as a 
result it often remains unclear which factors have influenced the regulator's final 
decision. Furthermore, such an approach is biased towards the industry because: only 
the most vociferous members of the public, commonly those who oppose a decision, 
are likely to comment; communication is commonly only one-way; the consultation 
process allows only limited choices, on narrow questions; and, consultation is usually 
carried out at a relatively late stage in the decision-making process (see Chapter 
Five) 106 . As a result, in the current climate, it can be anticipated that the final 
outcome for BNFL will invariably be disappointing; i. e. their original decision 
outcome will be contested. 
There is potential for the inclusion of stakeholders within the DMM (Figure 6.1, Panel 
2). The DMM guidance states that if it is considered appropriate to engage external 
stakeholders, at any point of the assessment, advice should be sought from the 
Sustainable Policy Team. However, for RSA93 BPEO assessments external 
stakeholders would not generally be directly involved or represented at the BNFL 
technical assessment stage. 
In summary, in developing the DMM, BNFL has set out to improve upon the previous 
BPEO methodology (i. e. MG/F2) by creating a more structured deC'ision-making 
approach which attempts to separate the technical and socio-political components of 
decisions in a bid to increase the transparency of decision-making. 
106 However, in response to these criticisms the EA are currently researching techniques to enhance the 
role of stakeholders and citizens in decision-making and have ongoing Research and Development 
projects on: evaluating methods for public participation; participatory risk assessment; social 
amplification of risk; and, are co-funding the European RISCOM 2 project with Galson Science, UK 
Nirex Ltd and the European Commission DG XII. Partners in the RISCOM 2 project include the 
Centre for the Study of Enviroranental Change (CSEC), at the University of Lancaster, the Swedish 
Nuclear Waste Management Company (SKB) and its Finnish counterpart POSIVA. 
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6.2.3 Theoretical Critique of the Decision-making Methodology (DMM) 
The DMM has taken forward BNFL's framework for making decisions and has 
addressed comments made by external sources (principally those by Van der Steen et 
al (2000)). However, based on the findings presented in Chapter Five, a number of 
issues regarding the application of tfie DMM can be highlighted: 
e The DMM attempts to differentiate between the 'technical' and 'socio-political' 
components of decisions. Although, the effectiveness of such an approach 
remains to be tested, based on the findings presented in the earlier chapters, it is 
predicted that such an approach to decision-making is limited simply because the 
technical and socio-political components of decisions cannot remain disjointed in 
effective decision-making. Furthermore, because the 'Balance Sheet' adopts 
CBA, it is subject to, the shortcomings regarding the application of utility 
maximisation approaches for environmental decision-making. As a result the 
application of such a technique at the final stage of BNFL decision-making has the 
potential to undermine the entire decision-making process. 
RSA93 BPEO assessments are carried out completely 'in house' by a group of 
'experts' from BNFL. Although stakeholders (spepifically the regulator) may be 
involved in defining the 'Decision Scope and Objectives' (see Figure 6.1, Panel 1) 
there are no stakeholders included in deliberations concerning the generation of 
options, the generation of criteria used to assess options, scoring and weighting of 
options, and sensitivity analysis. This is a significant limitation, which is likely to 
prevent BNFL attaining stakeholder acceptance; the inclusion of stakeholders at 
an early stage, and throughout, decision-making is an essential prerequisite of 
'good' decisions. Furthermore, as outlined in section 6.2.2, the current regulatory 
decision-making process also limits the inclusion of stakeholders and their values 
within decision-making. 
Although the DMM adopts a MCA approach for assessing options against criteria, 
it does not explicitly adopt or suggest LCA as an approach for environmental 
assessment; although the methodology is certainly flexible enough to incorporate 
such information. Given the findings presented in Chapter Four, it is proposed 
that LCA could be used within the DMM framework. For example, the 
Foreground and Background approach from LCA could be used to help clarify 
and 'agree decision scope and objectives'. Furthermore, LCA impact categories 
could be used to 'select criteria for option assessment against decision 
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objective(s)' and 'agree and document criteria definitions'. Additionally, LCA 
provides a mechanism by which radiological and non-radiological impacts can be 
assessed and quantified providing further information for 'Assessing Options'. 
For example, on reviewing the environmental criteria considered within the DMM 
(see Figure 6.1 RSA 93 BPEO Standard Criteria), it would seem that LCA is one 
of the most appropriate environmental assessment tools available; e. g. chemical 
impacts, radiological impacts 107 , resource use, and disturbance/nuisance 
108 could 
all be assessed using LCA. Furthermore, within these environmental impact 
categories, LCA provides a mechanism to determine the commensurability of 
environmental impacts, within individual impact categories, such that they can be 
compared between different options'09. 
There is no reference made about the independence of decision-making. There is 
no question that decision-making, particularly for contentious decisions, should be 
facilitated by an independent body to enhance the quality of the study. As the 
DMM stands, there is no independent verification that the technique has been 
carried out competently, completely and fairly; these are key issues in the 
communication of risk. Assessments (e. g. peer review) are made which consider 
both the 'technical'- BPEO and the final BNFL decision declared by the decision 
sponsor after reflecting on the 'Balance Sheet'; however these take place after the 
decision-making exercise. There is no mechanism for critical evaluation of the 
decision-making process as it evolves, only the outcome. 
Despite these -potential limitations, the methodology was used to structure the 
decision-making exercises outlined in section 6.3. Using the methodology in this way 
might illuminate the effect of the shortcomings on the decision-making process, and 
thereby help BNFL to further evolve the DMM to create a more satisfactory decision- 
making process. 
107 A number of methodologies have been suggested for the assessment of radionuclide impacts within 
LCA (see Chapter Three). 
log Pira Environmental Management (PEMs) is currently reviewing techniques available for the 
inclusion of noise as an impact category with LCA. 
"' However, the problem of comparing different LCAý impact categories against each other (e. g. kg 
C02 to kg CFC 11) still remains which reinforces the requirement for an adequate decision framework 
which can account for the values inherent in environmental decision-making. 
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6.3 Planning the Research 
The broad objectives of this phase of the research, outlined in section 6.1, were 
articulated through a Preliminary Work Plan (see Appendix P) and a number of 
external parties were approached to contribute to the development of the research. It 
was decided collectively that the most appropriate manner to conduct the research was 
to apply the DMM in three different 'environments' within two distinct workshops. 
Between these environments, the quantity of information presented to the decision- 
making group and the contributions/input from stakeholders varied to enable the 
impact of stakeholder inclusion and LCA data upon decision-making to be ascertained 
from comparing the workshops. During Workshop One (WS 1) BNFL representatives 
in isolation ran through the DMM, to reach a decision using information 
representative of that typically used for environmental decision-making within BNFL. 
During the initial stage of Workshop Two (WS2), BNFL and stakeholder 
representatives in collaboration worked through the DMM using the same 
environmental information as provided to BNFL representatives in WSI. However, 
during the latter stage of WS2, the BNFL and stakeholder representatives were 
presented with full environmental life cycle impact information for each of the 
decision options under study. LCA data were introduced at this latter stage of 
workshop two, because earlier introduction would prevent the workshop's participants 
from commenting on the DMM using the information it was designed to utilise. 
The participants were chosen to represent the many different views relevant to the 
decision in question. Two independent facilitators and a MADA expert were also 
utilised. To examine the decision-making process an audit trail was kept by taking 
notes and video recording the workshops. In addition transcribed reports (outlining 
the key stages of the workshop and issues raised) were produced by The Environment 
Council and circulated to the respective participants following the workshops; the 
reports produced from WS1 and WS2 are presented in Appendix S and T, 
respectively. Finally, one-to-one semi-structured interviews, composed around the 
participatory processes evaluation techniques outlined in Chapter Five, were 
conducted directly after the workshops . An anonymous summary of the outputs 
from these questionnaires for WS1 and WS2 is presented in Appendix V and W, 
respectively. 
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6.4 Conducting the Decision-making Workshops 
The DMM is heavily based on the MADA approach to decision-making; as a result, 
the stages in conducting the research workshops follow the general framework 
outlined in section 5.5.2. Each stage of the DMM was addressed under the relevant 
DMM headings presented in Figure 6.1, see sections 6.4.1 to 6.4.6, however due to 
limited resources and time, constraints were imposed upon decision-making"O. A 
brief outline of the main decision-making constraints is presented in Table 6.1 and 
they are commented upon in more detail within the text. 
Table 6.1 Summary of Constraints Imposed on Research Workshops 
Constraint Description 
Participants invited BNFL representatives and industry stakeholders contributed and it was 
assumed that there was an adequate diversity of representatives. Wider 
public involvement was restricted. 
Decision subject, The decision subject and scope were predefted to an assessment of options 
Scope and Option for the management of 14 C arisings from BNFL's THORP as outlined in 
understudy Chapter Three. Consequently, the abatement tions under study were also 
4 li d restricted to those out ne within the THORP C LCA outlined in Chapter 
Three. 
Methodologies Used- The application of MADA, LCA and Decision Conferencing methodologies 
was predefmed and fixed by the workshops' Co-ordinator. 
Criteria Used The BNFL standard RSA 93 BPEO criteria (see Figure 6.1)were used, 
although there was opportunity for the alteration of criteria used in decision- 
making. 
Information used Information for decision-making was provided entirely by the workshops' 
Co-ordinator, although additional insight provided by the workshops' 
participants' was respected and included where relevant. 
Deliberation time Due to time constraints there was limited time for deliberation at each stage 
of the assessme , 
nt, although it is felt there was sufficient time for reasonably 
robust decision-making with each workshop. 
As participants'. 'comments on the role of stakeholders and LCA within decision- 
making frameworks were more general, as opposed to being specifically about the 
DMM, the findings on these subjects are presented separately in sections 6.5 and 6.6. 
respectively., The key steps, similarities, and differences, regarding WSI and WS2 
are outlined in Table 6.2. 
110 The information used to guide the decision-making group through the exercise is presented in 
Appendix X. 
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6.4.1 Establish the Decision Context (Figure 6.1, Box 1) 
Establishing and understanding the decision context is fundamental to making and 
achieving the right decision (DMM, 2003). The aim of this initial step of the DMM is 
to outline a list of requirements to demonstrate a thorough understanding of the issues 
and the levels of commitment required (i. e. resources required) to arrive at a suitable 
decision end-point. 
6.4. L1 Decision Scope an d Objective (s): 
The DMM states that a 'statement of initial aims must be prepared and agreed 
between the nominated Decision Sponsor, Decision Analyst and appropriate 
Stakeholders, which includes a definition of the analysis end-point and objectives' 
(see Figure 6.1, Panel 1). This statement forms the basis for the scope of the 
assessment and allows both the sponsor and analysts to achieve a common 
understanding of expectations and achievable deliverables. There would be no 
restrictions placed upon the options available and the principle objective of the study 
would clearly state the intended application and the 'raison Wetre' for the study. 
However, due to resource and time constraints the decision scope and objective was 
predefined by the workshop co-ordinator/facilitators as: 
'determine the Best Practicable Environmental Option (BPEO)for the 
treatment of Carbon-14 arisingsfrom the BNFL Thermal Oxide 
Reprocessing Plant (THORP)'. 
Participants' Comments: 
The restrictions imposed on the workshops' decision scope and objectives were 
recognised by the workshops' participants. The participants emphasised that this 
phase of the DMM is critical and it must be given sufficient consideration to enable 
the decision scope and objectives to be accurately and unambiguously defined/agreed. 
Decisions are not made in isolation; there are stages that both precede and follow any 
decision-making situation and all these stages need to be transparent and robust to 
achieve effective decision-making. Consequently, it was felt that the decision scope 
and objective cannot be determined without a comprehensive understanding of the 
stages that precede the setting of the scope and objectives. Without such a 
comprehensive understanding, ambiguity may be introduced at the framing stage of 
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decision-i-naking which compromises the remainder of the process; a completely 
transparent and audited decision-making process is useless if the decision has been 
ambiguously framed. It is important that there is a clear rationale outlining why the 
decision subject has been targeted for consideration, and it is vital that this is 
respected when the DMM is applied in practice. 
The participants also stressed that different groups will view the decision scope and 
objective from different perspectives and as a result will focus on different issues. 
Consequently, the decision scope and objective need to be clearly framed and, for 
potentially controversial decisions, there was a view that framing cannot be carried out 
by BNFL in isolation; in order for the process to be credible stakeholders' views must 
be taken into account in defining the problem and framing the question(s) that need(s) 
to be addressed. However, it is also important to highlight that these workshops were 
run in an inclusive manner; i. e. each participant was involved in each phase of 
decision-making. As a general observation, acceptance of the decision-making 
process and the final decision outcome is dependent on involving all participants 
throughout the entire decision-making process. The approach stipulated in the DMM 
guidance, for the decision sponsor and stakeholders (e. g. the EA) to simply 'Agree the 
decision scope and objective' together and then for the decision sponsor to conduct the 
remainder of the study in isolation is inappropriate: all parties need to be directly 
involved at each stage of decision-making. 
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Furthermore, the participants in each workshop expressed views which confirmcd 
findings from previous research (Chapters rwo and Five), that ill most cases the 
decision subject will have an existing context (e. g. the issue is being addressed 
because actions taken previously had ail unsatisfactory outcome) which needs to be 
accounted for ill setting the scopc and objective. In addition, the choice ol'a decision 
subject may also be influenced by changes in public perception, which may rctlect a 
shift in values. Consequently, a number of part lclpants in WS2 also highlighted that 
changes in political context can mfluencc dccision-making and this needs to be 
accounted fior when framing decisions. Therefore, what may not be controversial at 
the present time may become so in the future and vice versa. 
Outcome: 
It is suggested that BNFL develop further guidance on establishing the decision 
context. In particular the guidance should emphasise that framing decisions 
should take account of the variety of perspectives involved in decisions and 
account for political factors. For decisions that are likely to be contentious, this 
is best achieved by involving all parties at each stage of decision-making. 
6.4.1.2 Roles, and Revpons'ibilitie. v: 
The roles and responsibilities of all those involved in tile assessment should be clearly 
defined and recorded (DMM, 2003). The participants taking part in tile research 
represented a number of perspectives on the decision under consideration. Within the 
DMM there are typically four parties involved in the decision-inaking process (see 
Figure 6.1, Panel 2). However, as this was a research application of the DMM, 
stakeholders and independent facilitators were also included in the workshops. 
Each of the participants, Decision Analysts and Stakeholders, were assunied to have 
relevant knowledge exceeding general knowledge, and the terni was given a wide 
definition; i. e. there were scientific (the traditional dclinition of persons with 
profess 1 onal/sci enti fie approaches) and opinion-focusing experts (who reflect interest 
organisations, etc. ), both represented within this research. Each of the participants 
was deemed to have a special interest in the decision and to reflect a number of 
attitudes. Furthermore, it was assumed that all participants were awai-c of nuclear 
industry issues, had an overview of the decision topic, had good communication skills 
and were receptive in debates. 
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This was qualitative research and the participants in the process were not required to 
be representative; thus socio-demographic and statistical representativity were not 
addressed. However, it was intended, as far a possible, to make the composition of 
the BNFL representatives in WSI and WS2 as similar as possible in terms of 
experience and knowledge. However, it was observed that there were differences 
between the groups; i. e. the BNFL representatives in WS I were all from the Sellafield 
site and had technical backgrounds, whereas those in WS2 were from different sites 
and had much broader roles within BNFL. Furthermore, WS2 also included 
stakeholder representatives. These differences in the groups' composition resulted in 
marked differences between the two workshop groups at key stages of the decision- 
making process, as illustrated in Table 6.2. This highlights that even within what 
might be ten-ned a 'common group', BNFL values vary widely dependent upon roles 
and experiences. This demonstrates the need to pay close attention to the composition 
of the decision-making group at the earliest stages of decision-making and highlights 
the need to have a wide variety of participation in order to encompass the widest 
possible range of values in decision-making (AV. 2.1). Table 6.3 presents a summary 
of participants' comments regarding other roles and responsibilities. 
Outcome: 
Independent facilitation and the integration of stakeholders should be key 
components of the DMM for potentially controversial decisions. 
6.4.1.3 Outline Dechvion Parameterý-v, Convtraints and Riskv 
The DMM proposes that the boundaries of any assessment must be set such that the 
outcome presents 'no surprises' (Figure 6.1, Panel 3). The initial screening of options 
was not camed out in either workshop as the restrictions placed on the study 
adequately accounted for any financial, technical or regulatory constraints. 
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Table 6.3 Partic ipants' Connueiil% Regarding DNINI Roles 
Role Participants' Comments 
Decision Sponsor The group of' Decision Analysis 'loosely' adopled fill. " fole. Interestingly, file 
majority of' the participants were of' the opinion that the decision-inaking 
process, particularly for contcilti I ous decisions wlicie there is a need to gain 
credibility and maintain integrity, should be owned not solely by file decision 
sponsorbut collectively baII 
_part 
ie_s__iiivo Ived in decision-makine, (AW. 4.3)_'l_'__. 
_ Stakeholders It was cruphasised that, in particularly controversial decisions, stakeholders 
need to be involved, not simply in establishing the decision context or 
reviewing the decision output, but throughout the entire decision-niaking 
proces 
Facilitators For 'in-house' decision-making it may be SLIHICICut for BNFI. to carry out 
assessment in isolation, although BNFT needs to develop the 'in house' 
capabilities to provide ail equivalent decision support service. For potentially 
controversial decisions, in which stakeholder engagement should be in integral 
part, independent fiacilitation is required (AV. 5.3; AV. 5.4; AW. 5.3 & AW. 5.4). 
Although there were mixed views over the influence of independent facilitation 
oil the public's acceptance of' decisions it was made apparent that high 
quality independent facilitation is essential where stakeholders are involved ill 
decision-making in order to gain their acceptance - ifindependent facilitation is 
not available some stakeholders may view the process as potentially Linfair and 
J_qjtimate, and may not contribute. 
Peer Reviewers The participants made some general comments oil the role and worth of' peer 
review and two distinct viewpoints emerged (AW. 8.10). The first, which was 
principally firom those with a technical/scientific background, was that peer 
review is a necessary component of decision-making. However, the 
contradictory view, principally from those without a technical background, was 
that of scepticism: 'who is pect- i-eviciving Me peet- i-eview, who'S watching 
whom? ' If the credibility of a decision from a wide group ofstakeliolders is the 
principle goal, then this group felt that stakeholders needed to be involved in 
peer-reviewing. Additionally, it was expressed that suffilcient stakeholder 
participation in decision-niaking ensures that the decision is more likely to be 
robust. 
Participants' Comments: 
Although many participants highlighted that it is impossible to develop a universal set 
of constraints applicable to every decision, the 'traditional' constraints (e. g. technical 
feasibility, safety and environmental) were raised and accepted in each workshop (see 
Table 6.2). However, there was extensive discussion surrounding the role of fillancial 
and regulatory compliance as screening constraints and the role of common sense 
when developing/applying such constraints. Although financial limitations were 
III - Flie referencing used throughout this document is as follows: AV or AW relates to the relative 
appendix whereas the following number (e. g. 4.3) relates to the quest ion/sec tI on number within the 
respective appendix. 
112 Regarding the effect of independent facilitation on the public's acceptance of (lie final decision, the 
participants' responses varied. Some were of the opinion that it would positively influence public 
acceptance because 'if people outside the group believe that the person running the process is trusted 
then they will trust the decision they facilitate'. However, others were more sceptical because there 
was a perceived lack of independence because BNFL would be I, unding (lie service. 
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recognised as an important consideration, there were conflicting views over tile 
application of the constraint at such an early stage of the decision-making process. 
Whereas some participants felt such a screen was necessary, to prevent unnecessary 
expenditure of resources, others were of the view that the option assessment stage (i. e. 
scoring and weighting) is the process by which such differences in option 
performance should be explored. With regard to regulatory constraints, some 
participants felt that a breach of a legal limit was a justifiable constraint because 
BNFL should limit such breaches; however, others were of the opinion that 
potentially good options should not be excluded just because they are not currently 
permitted. Furthermore, the point was raised in WS2 that BNFL's concerns, and as a 
result constraints, will not necessarily be the same as those raised by stakeholders. 
Accordingly, if 'Identifying Options to be Appraised' (see section 6.4.2), is carried 
out by BNFL in isolation, then it could itself be a constraint because stakeholder 
groups may not buy-in to them. Consequently, some participants proposed that a 
constraint relating to 'stakeholder objection' be used for screening to exclude options 
that may be particularly unacceptable to stakeholders. However, the adoption of such 
an approach should be avoided because it would require BNFL to 'guess' the view of 
stakeholders; i. e. it would be a perception of a perception. Such an approach was 
criticised extensively in the NRG review (Van der Steen et al., 2000) of the previous 
BNFL BPEO methodology because it gives the impression that stakeholders' views 
have been taken into account in tile decision-making process, when in actual fact there 
may have been no direct involvement (see Appendix 0). In a similar vein, with 
BNFL moving into a more commercial/contractual role, it was felt that 
unacceptability to the Nuclear Decommission Authority (NDA) could be a potential 
future constraint worth considering. Nevertheless, unless NDA participation was a 
component of the decision-making process, then this too would be subject to the same 
criticism as the proposed 'stakeholder objection' critenon. 
Outcome: 
There was limited time to develop the arguments surrounding the opposing 
views and the issue of screening constraints remains to be fully addressed. 
Whilst the flexibility to utilise constraints should remain within the DMM, their 
use requires careful consideration and their application should be captured 
unambiguously within the decision process audit trail. Specific consideration 
should be given to who is involved in tile defining of constraints, and for 
decisions that are likely to be contentious, it is suggested that wider participation 
should also be considered. 
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6.4.1.4 Timescales and Resource IMiming: 
It Is not the intention for tile DMM to result III over complex or resource 1IItcns1vc 
assessments where these are not appropriate (Figure 6.1, Panel 4). 1 lowcvcr, as this 
was a research application ofthc DMM, the tinicscales and resource planning aspects 
were addressed by the co-ordinators/facilitators prior to running the workshops, rather 
than being addressed as research issues. 
6.4.2 Identify the Options to he Appraised (Figure 6.1, Box 2) 
Option identification should consider all options and include 'continue as at present' 
as a benchmark for option assessment. The DMM also highlights that initial option 
generation is usually best achieved through 'brainstonning' with expert groups, where 
all members of the expert group have a full understanding oftlic decision context and 
all ideas are recorded (DMM, 2003). However, since the objectives of the study had 
already been defincd, this stage of the workshop was limited to selection between 
three options for the abatement of Carbon-14 (14C) firorn the Sclialield site, already 
evaluated in Chapter Four. Therellorc 'brainstorming' was not carried out. 
Participants' Comments: 
The BNFL representatives in WSI, particularly those with a detailed technical 
knowledge of the Carbon-14 plant and its operation, found it difticult to work within 
the limited scope of the assessment. They were uneasy about the study Jocussing 
specifically on the 14C species alone, at the expense of tile impact on/of other 
species/discharges, and refused to accept the assumptions surrounding tile feasibility 
of abatement Option I (direct aerial discharge) (AV-2.1 & AV. 2.2)'' 3. This occurred 
because the participants brought their own detailed knowledge regarding Option I to 
the workshops and this obviously brings with it their assumptions. This III itself 
highlights that, if the Decisions Analysts are correctly idciltitied and involved in the 
decision-making process, it is impossible to place restrictions oil the scope of tile 
decision and not expect thern at the best to be highlighted and at the worst re . jectcd. 
Conversely the participants within WS2 were more concerned about the process of 
4 
decision-making and tile choice of abatement options; I. e. the three options for 
'C 
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treatment were already defined. A number of participants believed that options 
should not be limited prior to decision-making; rather, they should be as open as 
possible. Furthen-nore, the WS2 stakeholder representatives were also concerned 
about who makes the choice of options to be appraised. In particular, the group's 
opinion was that if stakeholders are only subjected to a limited choice of options that 
the 'clever people think are relevant and the rest qfthe process is about týving to pick 
between the limited number qf'clever options' then participants will simply disagree 
with the process on a matter of principle. 
These observations arise from the time and resource constraints placed on the research 
workshops rather than the DMM itself However, they provide evidence that it Is 
essential for all persons participating in decision-making to be directly involved in all 
stages of decision-making. This ensures that values and judgements made at each 
stage of decision-making can be witnessed and experienced by all. 
Outcome: 
Any process that seeks to gain credibility must allow scrutiny either of all options 
or at least the process of elimination that led the limited range of options to be 
considered. 
6.4.3 Identify and Define Assessment Criteria (Figure 6.1, Box 3) 
Criteria are used as a basis for comparison of options designed to meet the same 
objective for the identification of a preferred option(s) (DMM, 2003). It is therefore 
essential to examine the decision scope and objectives defined previously to select 
and define the most appropriate criteria. The DMM methodology provides a list of 
primary criteria (decomposed into measurable attributes) that should, as a minimum, 
always be considered for use as part of any 'Regulatory BPEO' assessment (Figure 
6.1). However, the selected DMM primary criteria and measurable attributes 
specifically omit any socio-political or socio-economic components and therefore 
provide the basis only for a technical assessment (DMM, 2003). It was decided, by 
the workshop co-ordinator/facilitators prior to the workshops, that these primary 
criteria and measurable attributes would form the basis for a discussion on the criteria 
utiliscd in this research application of the DMM. Following this discussion the 
113 See Chapter Four, specifically section 4.5.3. 
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Decision Analysts and stakcholdcrs wcrc givcn opportunity to altcr the nicasurabic 
attributes. 
6.4.3.1 Select Criteria fi)r Avvesmnent against Decision Objectives: 
Within both workshops the participants generally accepted the primary criteria and 
measurable attributes provided by the DMM when dcfincd by the co-ordinator. 
However, as illustrated in Table 6.2, a variety ofadditional measurable attributes were 
proposed and as a result the measurable attributes used l'or decision-making altered. 
Whilst there are sorne similarities between tile measurable attributes proposed by tile 
groups in WS] and WS2 (e. g. 'Waste Volumcs/Form' and 'Long term Management 
of Waste' in WSI are similar to 'Secondary Waste' and 'Intcrgcricrational F, quity' 
raised in WS2), a distinction can be made between some ofthe measurable attributes 
proposed by the two groups. The measurable attributes proposed in WS] were 
typically quite narrowly defined and concerned the technical and site-specific aspects 
of the decision, such as 'Worker Dose' and 'Accordance with Scllaficld Site Targets'. 
This is not particularly surprising considering that the participants in WSI were 
technical experts based at the SellaficId site. Conversely the measurable attributes 
proposed in WS2 addressed much broader issues, such as 'Sustainability, and 
114 'Security' 
, that extend well beyond the operation ofthe Sellafield site. This again is 
not surprising because the composition of participants in WS2 was much more 
diverse, due primarily to tile inclusion of stakeholders. 
There was a great deal of discussion surrounding the proposed measurable attributes 
in both workshops, and a number of the measurable attributes were dropped for a 
variety of reasons; see the transcribed reports I'()'- WS I M'd WS2 P-csc"tcd 
Appendices S and T respectively. 
114 As a result ofthe terrorist incidents that occurred on September I V" 2001 in (lie US, a number of 
participants within WS2 viewed security as a significant issue with regards to (lie storage ofradioactive 
materials. However, if such a criterion were to be included, it would be necessary to clarily whether it 
is a technical or socio-political criterion and as a result how it would be treated within (lie DMM- 
Nonetheless, security was deemed offittle significance regarding the treatment o 1- 14 C arisings and was 
consequently withdrawn from the analysis within WS2. 
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In particular comments were made regarding the exclusion of socio-political primary 
criteria and measurable attributes from the decision; participants expected these 
components to be included in the MCA methodology. Their exclusion at this point of 
the DMM was explained by the co-ordinator and the participants (initially) accepted 
this. However, the use of socio-political measurable attributes was still explored. It 
was initially proposed by both workshop groups that socio-political aspects could be 
added as a separate'measurable attribute into the MCA process. Nonetheless, on 
review both groups resisted this approach because they felt that many of the socio- 
political and socio-economic issues spread across the range of existing measurable 
attributes. Consequently, the participants felt that these factors needed to be included, 
not as a single measurable attribute, but integrated throughout the decision-making 
process by selecting and including participants that can adequately represent socio- 
political and socio-economic issues. However, this again raises the question as to 
how this can be achieved if the methodology attempts to separate the technical and 
societal aspects of decisions and specifically excludes stakeholder integration. 
As a result of such deliberations a number of changes were made to the measurable 
attributes. Within both workshops the groups opted for the addition of a solid 
radioactive waste measurable attribute to account for the Intermediate Level Waste 
(ILW) produced as a result of encapsulating 14C within Option 3. The WS1 group 
also,, 'again possibly due to their technical background, opted for a measurable 
attribute relating to the 'Risk associated with Operational Change'. Some measurable 
attributes were also dropped. Within WS 1, the group opted for the 'Secondary Waste' 
measurable attribute to be removed because it had little relevance to this particular 
decision. Conversely, the WS2 group retained the 'Secondary Waste' measurable 
attribute but redefined it to be Intermediate Level Waste (ILW). The WS2 group also 
removed 'Technical Confidence' believing it to be redundant because all options were 
assumed to perform equally against this attribute; assumptions regarding the 
feasibility of the options were more clearly articulated in WS2 than they were in WS 1. 
In conclusion, the primary criteria and measurable attributes provided by the DMM 
guidance are sufficiently comprehensive for most decision-making situations. 
However, it important that the primary criteria and measurable attributes should not 
be used in an authoritarian manner; their flexibility must be respected. 
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Participants' Comments: 
Whilst some participants felt that the separation of the technical and socio-political 
factors may be acceptable for minor decisions, the majority of the participants, 
especially the stakeholder representatives in WS2, felt that the separation was 
artificial for more controversial decisions (AW. 3.7). As a result, the separation drew 
extensive criticism for not being an intelligent approach to environmental decision- 
making. Furthermore, there were concerns that, because the technical and socio- 
political factors are in reality inseparable, by treating them separately the BNFL 
approach reduces the transparency of the decision-making process and consequently 
of the outcome (AW. 3.4). Moreover, many participants felt that, by leaving the socio- 
political aspects of a decision until after the technical decision has been made, BNFL 
were not acting in a sustainable manner and were simply delaying the difficult 
component of decision-making. Thus, for controversial decisions it was considered 
better to include/integrate the societal lobe of sustainability (See Figure 1.1) up front 
rather than factor it in later in the decision-making process. However, the degree of 
integration is dependent upon the type of decision to be made and should be 
15 
considered when establishing the decision context; see Figure 6.21 . 
Figure 6.2 Integration of Sustainability Spheres/Lobes 
HIGH LEVEL DECISIONS 
(STRATEGIC) 
The higher the level the more integrated 
the 3 lobes have to be. 
Low LEVEL DECISIONS 
(ON THE GROUND) 
Furthermore, there was concern from many of the participants in WS2 who fclt that 
BNFL, by initially providing a technical argument arrived at in isolation, was 
adopting a Decide Announce Defend (DAD) approach to environmental decision- 
making (AW. 3.4 & AW. 3.7). There are numerous examples of such an approach 
115 Interestingly the comment made by the participants at this stage of the workshop reinforce the need 
to devise a systematic and structured process to effectively frame decision-making and the need to 
respect the crucial difference between 'single decision maker' and 'multiple decision maker' problems 
outlined in highlighted in Chapter Two. 
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failing in contentious dccision-making environments (see Chapter Five), and some 
participants highlighted the NIREX repository initiative as one such example because 
the programme incurred very substantial costs without delivering a solution to the 
longer-terrn management of radiological waste within the UK (AW. 3.7). 
Consequently, the group favoured the use of consensus-building approaches that 
allowed a wide and open discussion of the issues. 
Outcome: 
All measurable attributes used in decision-making need to be raised, discussed, 
agreed, and defined by all participants involved in decision-making at the same 
stage of the assessment. Adding components at a later stage (e. g. those that 
contain a socio-political element) has the potential to adversely affect the status of 
attributes selected at this stage ot'decision-making. On the basis of these findings 
it is suggested that BNFL avoid attempting to consider the technical and socio- 
political components of decisions at separate stages of decision-making, 
especially for contentious decisions. 
Furthermore, assumptions made in decision-making should be clear and 
unambiguous such that all participants understand them - they should also be 
adequately recorded within the audit trail. 
6.4.3.2 Agree and Document Criteria Definitions: 
The attribute definitions used within any decision-making framework need to be clear 
because the strength of a decision is only as robust as the agreement of primary 
criteria and measurable attributes and the options being assessed. The DMM provides 
very little guidance on criteria definitions and simply provides a list of prompts, listed 
in the left hand column of the Technology Table (Appendix U). However, when 
planning the research workshops the facilitators stressed that the development of 
attribute definitions alone, in 'real' decision-making exercises, can require numerous 
workshops stretching over a period of months. Consequently, due to limited time and 
resources, the measurable attributes were interpreted, using the DMM guidance, by 
the workshop co-ordinator prior to the workshops and then presented to the 
participants at the workshops. As a result, although the workshops' participants made 
a number of criticisms regarding the attribute definitions, these reflect the approach 
adopted in organising the research workshops as opposed to the DMM per se. 
Nonetheless, those adopting a MCA approach to decision-making should respect the 
points raised regarding attribute definitions. 
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Pat-licipants' Comments: 
Because participants were interpreting each attribute differently, within both 
workshops, comments were continually made regarding the vagueness of' the 
attributes used: see respective transcribed reports in Appendices S and T. III 
particular there were issues associated with the scope (i. e. what is included) and detail 
116 (i. e. what element is important) of the measurable attributes . 
Attribute vagueness 
causes a number of problerns at different stages of MCA processes and call result in 
double counting, where different attributes measure the same Impact or element ofan 
option, and it can also lead to the generation of an excessive number of attributes, 
which can make decision-making overly complex. Attribute vagueness makes it 
impossible to ensure that a thorough assessment has been carried out against the 
attributes. As a result, in 'real' decision-making exercises it is imperative that 
sufficient time and resources be provided to ensure that attributes are accurately and 
unambiguously defined; this component of the methodology cannot be rushed. 
Furthermore, although the attributes within the DMM are flexible, the point was 
raised in WS2 that the attributes used in the DMM are frarned in the negative and as a 
result are scored in terms of avoidance of harrn rather than achieving bcrictit. ]'here 
are beneficial aspects of any decision, which need to be captured. 
Outcome: 
Primary criteria and measurable attribute definitions should not be prescriptively 
pre-deten-nined for each decision-making situation. Although prc-defincd 
definitions can be proposed as a 'framework' for discussion they must be agreed 
and recorded in the audit trail during the decision-making process. The debate 
that facilitates the sharing of values needs to occur between all parties involved 
in the decision-making process, including stakeholders where necessary. 
Although this may be a time consuming, and at times a frustrating exercise, it is 
a fundamental component of an effective decision-making process. 
116 An example of attribute vagueness, which occurred in both workshops, relates to the definition of 
'Accident Risk'. The BNFL guidance suggests that for each ofthe options there should be a 'summary 
of pertinent accident scenarios: risk to the public; risk to the workfiorce; risk to the environment; and, 
risk to plant (particularly adjacent buildings) and the business'. I lowever, the attribute was Interpreted 
in a number of different ways; e. g. some participants addressed the risks relating to conventional safety 
(e. g. slips, trip and falls) whereas others focussed on radiological or chemical risk distinctly, or 
radiological and chemical risks combined. Further still, there were those who were looking at the 
probability of an accident and the consequences of the accident separately, and those who combined the 
two. 
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6.4.3.3 Value Tree: 
To allow an option to be measured against the objectives of a decision, each primary 
criterion is hierarchically decomposed into lower-level measurable attributes so as to 
identify the elements against which the perfon-nance of each option is to be assessed. 
The outcome of this process is termed a 'value tree' (see Figure 6.1). Although the 
6value tree' used could be expanded further to breakdown the decision into greater 
detail (e. g. to include specific aerial, liquid and solid impacts under the Chemical 
measurable attribute), due to time constraints, it was not expanded any further than the 
current measurable attributes level (level 3). 
However, it is important to highlight that the standard terminology 'value tree' is used 
in discussion here; not 'decision tree' as used in the DMM. A 'decision tree' is a 
pictorial representation of a decision situation used for a forrn of decision analysis that 
shows decision alternatives, states of nature, probabilities attached to the state of 
nature, and conditional benefits and losses. The decision tree approach is most useful 
in a sequential decision situation. A value tree on the other hand is simply a method 
for organising the criteria and objectives to facilitate scoring the options on the criteria 
and examining the overall results at the level of the objectives. 
Participants' Comments: 
As highlighted in Chapter Five there is no guidance on the structure of value trees. 
Thus, although participants felt that the value tree was useful, providing a cognitive 
map for the participants to approach and negotiate the decision-making process, issues 
were raised regarding the balance and clustering of attributes under the primary 
cnteria. Firstly, there were comments that some of the primary cnteria are 
underpinned by more measurable attributes than others; for example the 'Environment 
and Safety' primary criterion is underpinned by eight attributes whereas the 
'Economic' criterion is underpinned by one attribute. Sorne participants were 
concerned that this can cause problems because those primary criteria underpinned by 
more attribute,, will get more scores and weights which has the potential to unbalance 
the value tree (AW. 9.3). Secondly, the reasoning behind the clustering of 
environmental and safety attributes under the 'Environmental & Safety' primary 
criterion was questioned. Tlils does not pose a problern if scoring and weighting is 
carried out at the measurable attribute level, as was the case in the workshops. 
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However, if these activities were to be carried out at the primary criteria level, flicn 
this would result in a loss oftransparency and would imply that the environmental and 
safety criteria merit equal importance, which would not be the case for every decision. 
Outcome: 
The structure of the value tree is an important component of' the MADA 
approach. Participants and MADA specialists involved in a dccision-making 
exercise need to discuss and agree the structures of the tree and agree the level 
at which attributes are to analysed. Ideally each attribute needs to have the sarne 
level of infort-nation provision and equal participant representation to avoid bias 
in the decision-making exercise; i. e. technical, economic and socio-political 
components, ideally, need equal representation. Furtlicnnorc, it is important 
that the standard ten-ninology 'value tree' is used. 
6.4.4 Select Appropriate Methodology (Figure 6.1, Box 4) 
There are many methods available for assessing options against criteria; tile most 
appropriate should be selected dependant on the scale of the decision to be made, the 
complexity of the issues to be resolved, the availability and quality of data and 
infori-nation, and the availability of resources to complete the assessment (DMM, 
2003). The DMM methodology did not stipulate, or even give examples of', 
methodologies that could be used for decision-making, but it does appear to be 
heavily based on MADA. As a result, and based on the findings in Chapter I`ive, 
within this research application of the DMM it was decided that a MADA approach 
be adopted. However, a number of issues were raised regarding the process. 
Participants' Comments: 
Many of the participants, particularly in WS2, raised concerns about the complexity 
of the MADA process, predominantly at the scoring and weighting stages (AW. 3.1). 
Interestingly, there were limited concerns regarding the MADA methodology within 
WSI, which is possibly due to the Decision Analysts in WS] having more technical 
backgrounds and being more experienced in option selection using multi-critcria 
decision-making approaches (e. g. the previous BNFL BPEO methodology presented 
in Appendix 0). Nevertheless, the difficulties posed by the application of the MADA 
technique need to be recognised - it is impossible for a decision-making group to 
make effective decisions unless they have a sufficient understanding (e. g. bcI1cfits and 
drawbacks) of the decision-making technique being used. Although It is 
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acknowledged that there was limited tirne in the workshops to ensure that all 
participants were clear about all aspects ofthe decision-making process and tile tasks 
that were required of them, the potential for confusion surrounding tile technique 
needs to be appreciated. Furthen-nore, it is expected that the problerns raised in the 
workshops regarding MADA would be exacerbated and might cause friction in 'real' 
decision-making situations where participants with no previous experience of MADA 
were involved. As one participant highlighted: 'it's enough to cause ordinary people 
to decide that's all too. flippin' complicated and that it's a vety clei, er bit (? I'smoke 
screen' developed by BNFL to prevent scrutiny of their decisions. Consequently, ill 
'real' decision-making situations, particularly those that may have stakeholder 
involvement, it is likely that there needs to be much more time for clarification about 
the MADA methodology and the reasons behind its adoption; decision-making cannot 
be rushed. 
Outcome: 
Guidance and information regarding the application of the MADA approach, in 
order to facilitate understanding by participants, should be developed by BNFL. 
Furthermore, it is important that an appropriate audit trail Is in place to record 
the decision-making process as it evolves. This leads to more transparent 
dccision-rnaking. 
6.4.4.1 Collect Data, A ddress Data Gaps, Consider Data Availability & Quality: 
As for all decisions, the value of the assessment is dependent on the availability of 
quality Intlon-nation. Thus, prior to option assessment, action was taken by the 
Workshop Co-ordinator to collect data and identify potential data gaps in the 
assessment. However, there were dissimilarities in data availability and consequently 
data gaps existed that made option comparisons problernatic. Within the DMM 
methodology, the options to be assessed are presented within a 'Technology Table', 
see Appendix U, where each of' the options is listed and all known data and 
information (quantitative and qualitative) are recorded under broad headings. The 
majority of the data presented in the workshops were taken frorn the Carbon-14 
Sellafield Aerial & Liquid Discharge Authorisation Review (SALDAR) and Carbon- 
14 Life Cycle Assessment studies (Chapter Four). The same base infon-nation was 
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presented in both workshops, although additional LCA nif'onnation was prcscntcd at 
17 
the latter stage ofWS21 . 
Participants' Comments. - 
A number of participants were impressed by the amount of quantitative intorniation 
available: 'the more quantitatii, e inlbrmation the better, because it enables a much 
more rational decision to be made' (AV. 2.4). However, it was stated that there was 
only sufficient infon-nation to make a 'technical decision' and that the socio-political 
aspects of the decision needed to be further developed (AW. 2.3 & AW. 3.3); see 
discussion on Balance Sheet presented in section 6.4.6.4. 
Although participants believed the Technology Table to be a useful way of sorting, 
storing and presenting data, there were concerns raised in both workshops over the 
limited time for interpretation of the infon-nation provided (AV. 2.5 & AW. 2.5). 
Consequently, some participants were making judgements based on personal 
knowledge as opposed to what was presented in the Technology Table (AV. 2.5). This 
again indicates that much more time would be needed in real decision-making 
environments and again emphasises that participants would not be conitortable with a 
decision-making process if it was rushed. Furthermore, there were concerns, 
principally from stakeholders, about the limited independence of the intorillation used 
for decision-making because it was provided solely by BNFL (AW. 2.4). This is 
important because it highlights the need for other parties than BNFL to contribute 
information to the decision-making process. In addition, it highlights that all parties 
involved in decision-making must be able to scrutinise the information presented by 
others. 
117 The SALDAR process is carried out periodically by the Environment Agency to consider the 
structure and numerical values of all disposal limits within BNFI, Sellafield site authorisations for the 
disposal of radioactive waste issued under the Radioactive Substances Act 1993. As part of the review 
process BNFL demonstrate that: radiation doses to members ofthe public are As Low As Reasonably 
Achievable (ALARA) and within national and international limits and constraints; and, that current 
practices and future plans for the disposal of radioactive wastes represent the Best Practicable 
Environmental Option (BPEO) and that the Best Practicable Means (BPM) are utiliscd to inini"I'se 
discharges. 
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Issues were also raised about the diversity of the information presented in the 
Technology Table. As a result some BNFL participants were trying to find common 
denominator/aggregation techniques'" that would make the decision-making process 
more understandable (AW. 2.3). However, a number of stakeholder participants in 
WS2 were concerned about the loss of transparency introduced when such approaches 
are applied in an attempt to simplify the interpretation of the information used for 
decision-making (AW. 3.6/7 and Chapter Five). Nevertheless, during the first day of 
WS2, reference was made by one participant to the ICI Environmental Burden 
approach which can, very loosely, be applied to aggregate environmental inion-nation 
within specific environmental impact categories 119 (A. 7.2.3). 
On account of these issues, many participants contended that the entire decision- 
making exercise should be about gaining a 'common appreciation' of the infori-nation 
available and that decision-making should be focused on judgements of absolutes and 
common infort-nation in order to reduce any ambiguity (AV. 2.5 & AW. 3.2). 
Resultantly, many participants felt that decision-making should be carried out as a 
'group fact-finding exercise', which would include stakeholders in controversial 
decisions, where the whole group collectively progresses through the entire decision- 
making process (AW. 3.2). 
Outcome: 
All aspects of sustainability (i. e. environmental, economic and social) should be 
considered in decision-making and the information used should, ideally, be 
quantitative. The independence of information used for decision-making is 
imporlant and other parties (e. g. stakeholders) should be able to contribute 
information and be given tile opportunity to scrutinisc all other inforrilation 
being used in decision-making. Therefore, sufficient time is needed to interpret 
and review the infiormation used fior decision-making to ensure that all 
participants gain a common understanding of tile 'primary' information. 
Common dcnominator/aggrcgation techniques should not be initially applied in 
a misguided bid to simplify decision-making. 
11' Cost Benefit Analysis (CBA) and Disability Adjusted Life Years (DAI. Ys) are two such 
approaches. 
The approach provides a scientific means to rank the potential Impact of emissions by converting 
the mass of' a released substance into more meaningful measures of' impact. Potency factors are 
assigned to each substance listed under each environmental impact category which have been generated 
by independent scientists and published in peer reviewed documents. The Iýnvlronmental Burden 
calculations cover emissions to air and water. The weight of each emission is multiplied by the 
potelicy factor to calculate its I'll lor a given environmental impact category (see Wright, M., Allen, 
I)., Clift, R. and Sas, If. (1997) and w-ww. ic'. ý. oni/iý; islie/2000, 'pages/`ppstiO. 1itm). 
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6.4.5 Assess Options (11,1gure 6.1, Box 5) 
The process ofderiving scores and weights is fundamental to the c11'ectivcncss of a 
MADA. The DMM (2003) states that 'there are a number ofways ofcoillpicting tile 
assessment and the method to be adopted will be dependent oil the scale and 
complexity of the decision, the numbers of people involved and tile time available to 
complete the assessment. The method adopted within this research was to convene a 
decision con fercncc/work shop 120 where the decision group was gathered to conduct 
tile assessment. This provides an opportunity for consensus to be reached across tile 
entire group at one forum whilst reducing the potential for ditl'crctices in 
interpretation of options and/or measurable attributes. Tile option assessment process 
was carried out using the 'nominal-group technique' as outlined in Chapter Five. 
Scoring: 
The scoring of the options was carried out at the 'measurable attributes' level and 
based on the information presented within the 'Technology Table'. Initially the 
participants individually scored each option on each of the attributes. These scores 
were used as the basis of a group discussion in order to dcten-nine the group's 
preliminary scores. In an attempt to demonstrate the role of deliberation in the 
workshops, the groups' average scores, taken from the individual scores prior to 
deliberation, and the groups' final 'actual' collective scores, which have been 
generated through deliberation, for WSI and WS2 are presented in Table 6.4. The 
most preferred option was assigned a preference score of 10, and the least preferred a 
score of 0. The remaining option was assigned a score that represented the diflercilce 
in strength ofprefierencc. 
Within both workshops, tile majority of the average and actual group scores agree-, 
however the WS I and WS2 groups' actual scores do differ on sorne attributes (Table 
6.4). It is not necessary to dissect each attribute against its respective score but tile 
'Compatibility with Existing Systerns' measurable attribute did provoke extensive 
deliberations in each workshop and will be focussed upon here. Interestingly, 
however, the discrepancy arose for a different reason in each workshop. 
120 It is unclear whether the terni 'decision confierence' used within the DMM methodology is taken 
from (or related in any way to) Phillips (1989). 
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Table 6.4. Workshops' Average and Actual Scores 121 
Workshop One Workshop] Nvo 
Avera Actual Averaýe Actual 
Al )aW111(. 1 it ()1)11()Ii 1231121311T213 
Environment and Safety 
('11cmical IIIII)ak. 1 10 6 0 10 4 0 10 5 0 10 5 0 
Radioloýical Impact 0 6 10 0 8 10 0 5 10 0 5 10 
Resource Use 10 7 0 10 7 0 10 5 0 10 5 0 
Disturbance/ Nuisance 8 4 2 10 5 0 9 6 1 10 7 0 
Worker Dose 9 4 2 10 5 0 10 6 1 10 6 0 
Accident Risk 9 6 1 10 5 0 9 5 1 10 2 0 
Conventional 10 5 0 10 5 0 10 7 0 10 6 0 
Secondarv Waste XI XI XI xI xI xI xI x x x x x 
Technical 
1 ccimical Conlidence 4 5 5 ? x x x x x x 
Conywtibihýv with exisling systems 4 5 5 0 7 10 10 9 0 0 10 10 
ImplementationTime 0 6 10 0 5 10 0 4 9 10 
Economic 
I 11(. 1111w( (), ý ts 
Additional Criteria 
Kakllolopcal Wasic V0111111C x lo- 80xxxxxx 
Radioloýical Secondary Was-te: ll-W xxxx 10 70 10 80 
Risk assoc. with operational change x 0 o .- 
Average ý Incliviaual Ncore : Actual = Ciroup Score tollowing deliberation 
x Indicates that there was no figure generated 
Within WS I it was the input from the THORP Fuel Services Manufacturing Support 
Officer (Participant 4), whose detailed knowledge of the Carbon-14 Plant clarified the 
scoring of the measurable attribute, which resulted in alteration of some of the 
participants' viewpoints (see Table 6.5). Some of the participants in WS I focussed on 
the upstream and downstream operations (e. g. THORP and WEP) linked with the 
Carbon-14 Plant and the impact of the three abatement options on those operations. 
Conversely, the THORP Fuel Services Manufacturing Support Officer was more 
concerned with the operational compatibility ofthe three abatement options upon the 
Carbon-14 Plant itself, in terms offeasibility of implementing the options. As a result 
the arguments he raised diflIcred dramatically from the remainder of the group's 
argurnents and, through a process of dclibcration, he managed to alter the overall 
group scoring. As one participant highlighted he 'opened tip trains qf'thought that 
weren't there with the rest qfus who are like-minded site environmental people' 
"1 Note that the criteria have altered as a result ofthe discussion outlined in Section 6.4.3.1. 
122 WI th In WS I tile workshop participants could not agree upon tile group's scores for tile 'Technical 
Confidence' criterion. Consequently, it was subjected to extensive sensitivity analysis where it was 
l'ound that the criterion had little inipact oil the overall ranking ofoptions. 
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(AV. 2.1). 
Table 6.5 Compatibility with existing systems (WS I) 
Parlidpant Option 
-I- 
Option 2 
_Option 
3 
2 0 1 10 
3 10 0 0 
4 0 7 10 
5 0 10 5 
Averap 4 5 5 
Actual 0 7 10 
The reason for the discrepancy within WS2 is less clear. Initially, each group member 
independently ranked the options against the measurable attribute in a similar manner; 
i. e. as those in the average row in Table 6.6. Yet, when the group began deliberating, 
one participant realised that this was 'nonsense' and pointed out that the scores in the 
4average column' would indicate that abatement Option 3, which is the current 
system, is least compatible with the existing system - which it cannot be. This 
observation then opened up further deliberations about the ultimate disposal route tor 
the Inten-nediate Level Waste (ILW) created by the solid encapsulation ot' 14 C in 
abatement Option 3; a final disposal route does not currently exist within the UK. 
This, in turn, created further extensive deliberation about whether the 'Compatibility 
with Existing System' attribute was concerned purely with the technical systems (i. e. 
the industrial process) and/or the regulatory/political systcnis which surround the 
operation of the technical systems. 
Table 6.6 Compatibility with existing systems (WS2) 
Participant Option I Option 2 Option 3 
1 10 10 0 
2 10 10 0 
3 10 10 0 
4 10 10 0 
5 10 5 0 
6 10 10 0 
7 10 10 0 
8 eqt from scoring) itab No scores artici at so_ 
9 _ 10 10 
t ý ý9 
9 9 0 
Average 10 9 0 
Actual 0 10 
The group finally decided that the attribute should Iocus specifically on the technical 
systems, as specified by the DMM, ignoring the rcgulatory/political systc, "s. 
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However, the discussion appears to have completely reversed the group's initial 
scores, resulting in those presented in the 'actual' row of Table 6.6. 
A key issue that the above discussions highlight is that the MADA process adequately 
structured the decision-making process so that issues could be considered 
independently, thereby clarifying the decision-making process and the final outcome. 
Furthermore the workshops support the literature which states that the structured 
approach provided by MADA can support group decision-making without the need 
for prior consensus. For example, within WSI, with regard to the Technical 
Confidence attribute, and in WS2, with regard to the Implementation Time attribute, 
the groups were unable to decide on a collective score. As a result it was left until the 
Sensitivity Analysis stage of the process (see 6.4.6.1) where variations in scores and 
weights upon the final decision could be tested. 
Outcome: 
The discussion highlights three points. Firstly, it emphasises the importance of 
explicit attribute definitions in order to clarify the focus and scope of each 
attribute. Secondly, it demonstrates that different groups of people can view the 
same issue from different perspectives, emphasising the need for balanced group 
composition/representation in decision-making in order to achieve the greatest 
value from the assessment. Thirdly, it highlights the need for deliberation as a 
necessary component of the dccision-making process - for issues of any 
complexity, people's values do not exist beforehand but are instead often 
constructed through deliberation in the decision-making environment (see 
Chapter Five). Consequently, although the overall decision outcome of the 
workshops may not have changed if only the average of the individual scores 
were taken in isolation, in more extreme cases it may change and as a result 
these issues have to be respected. Finally, through conducting decision-making 
within a deliberative environment, it is more likely that the final decision will 
accepted by those party to, and those affected by, the decision outcome. 
Weighting: 
The weighting methodology was also carried out at the 'measurable attributes' level 
and a simple approach was adopted. Each of tile participants was allocated a number 
ot"dots', 5 each in WSI and 4 each in WS2, to place on tile criteria that they felt were 
most relcvant/iinportant to the decision being rnade; the participants could place any 
number of' their 'dots' oil any number of attributes. The initial weighting by 
individuals was then used as tile basis of a group discussion on weighting. The 
participants' individLIA distribution ofwcights prior to deliberation and group weight 
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post deliberation arc presented in Tablc 6.7; as the participants In each workshop were 
allocated a diftlermt number of 'dots' the wcIghtings are given as a percentage ('YO). 
Table 6.7 Workshops' Weightings 
Worksho-One W- orkslop'rwo 
lndi-viý-ual Group Individual Group 
Weights Weights 
--WeiE 
Weights 
Environment and Safety 
Chernical Ini ct 
. 
Mac- 4 4 17 17 
_Radiological 
I nipact 12 12 19 19 
Resource Use 0 0 6 6 
Disturbance/ Nuisance 0 0 0 0 
Worker Dose 4 4 11 11 
_ Accident Risk 8 8 3 0 
_ Conventional Safety 4 4 0 0 
_ Secondary Waste 0 0 0 0 
_ Technical 
jechnical Confidence 12 12 0 0 
Compatibiliti, with existing sistems 12 12 17 17 
ImplenientationTime 4 4 3 3 
_ Economic 
hictinle Costs 20 20 14 17 
Additional Criteria 
Radiological Waste Volurne 12 12 0 0 
Radiological Secondary Waste: ILW 0 0 11 
1 
11 
Risk assoc. with operational change 8 8 0 0 
:ý 
_ Total % 100 100 100 100 
On reviewing Table 6.7 it is obvious that there is little difference between the 
weighting used in WS I and WS2 prior and post deliberations. In fact the only change 
occurred in WS2 where a participant, after deliberation, moved a 'dot' (-3%) frorn the 
Accident Risk attribute to the Lifetime Cost attribute. This would indicate that the 
individuals' weighting were quite robust initially, as they have not been 
swayed/altered due to deliberation. What is interesting, however, is that there is 
limited correlation between the workshops' w6glitings. It appears that the 
participants in WSI were much more diverse in their distribution of weightings, 
spreading their weightings among II attributes compared to a spread of 8 In WS2. 
Furthen-nore, the WSI group seerns, again, to be more focussed on the technical and 
safety aspects of the decision. These findings highlight that variation in the 
participants involved in dccision-making has an influence on the decision-making 
process because the different groups ofpeople weighted attributes differently. 
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Outcome: 
Variations in the participants involved in dccision-making can alter greatly the 
weighting used in decision-making. However, it appears that individual's initial 
weightings may be robust and may not be altered due to the influence of 
deliberation with other group mernbers. 
6.4.6 Present the Results (Figure 6.1, Box 6) 
The results from the DMM can be used to present numerous messages. But these 
messages mean very little if they are not backed-up by sound reasoning and a robust 
and transparent decision-making process with a suitable audit trail. However, 
presentation will largely depend on the assessment methodology adopted and the way 
in which scofing/weighting has been applied. The DMM (2003) infers that a typical 
presentation of results will be in the forrn of a performance table or matfix where all 
options are listed and the relative 'scores' shown against each of the critefia/attributes. 
Unfortunately, due to time constraints, the construction of such a table was not 
possible within the workshops; nevertheless the participants' views on the final stages 
of the DMM were gauged. 
6.4.6.1 Determine Opion Peýformance & Perform Sensitivity Analyfiv: 
The overall weighted option pcrfonnance (see Table 6.2) for each option was 
detennined using the Logical Decisions for Windows software. These initial scores 
were then subject to sensitivity analysis, using the software package, to test the 
robustness of the assessment output. The DMM suggests that where 'weightings' are 
used in the original assessment this is best done through the application of alternative 
weighting scenarios: 
0 Weight neutral - where all critcria/attributcs are weighted equally. This should 
not be assumed to represent a 'non-weighted' output as it implies that all criteria 
are ofequal sigiliticancc or importance for the decision being made. 
As assessed - where the criteria/attributc weightings are as derived by the 
analysis/project team. 
Safety & Environment bias - where safety and environmental criteria/attributes 
are given increased weighting. 
Technical Was - where technical criteria/attributes are given increased weighting. 
Economic Was - where economic criteria/attributes are given increased 
wCighting. 
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After completing various sensitivity analyses and recording flicir impact within an 
audit trail (see Table 6.2), it was fiound that the leading option In cach workshop 
remained unchanged and the assessments were considered to be robust. 
Participant's Comments: 
It was the opinion of many participants that sensitivity analysis is a key component of 
dccision-making processes which promotes transparency and is crucial to securing a 
wider 'buy-in' to decision outcomes from those not party to the (iccision-illaking 
process (AV. 3.2 & AW. 3.2). The primary reason for this was that, although 
sensitivity analysis may not alter the decision outcome, the process enables different 
stakeholders to see the way in which the different assumptions rnade in decision- 
making impact upon the decision output. 
Recommendation: 
The utilisation of computers for scoring, weighting and sensitivity analysis 
enhances group decision-making. Furthennore, the computer models also allow 
participants to try different judgements without commitment, to see the results, 
and then change their views. The instant playback of the results allows all 
participants to consider the variables surrounding a decision together and 
therefore it enhances the fairness of the decision-making process. 
However, there is a need for the final decision, and the sensitivity analyses 
applied in reaching that decision, to be presented in a transparent manner with a 
suitable audit trail. This enables peer reviewers and those interested in the 
decision and its outcome to understand the scope of the decision (i. e. what has 
been addressed and by who), which may in turn affect the acceptance of tile 
decision and its outcome by those not directly party to the decision-making 
process. 
6.4.6.2 Select Be. vt Option: 
Interestingly, as illustrated in Table 6.2, the different workshop groups, that is WS] 
and the initial stage of WS2 (i. e. before the presentation of LCA data to WS2) arrived 
at different technical outcomes, both of which differ frorn current practice; i. e. solid 
encapsulation prior to repository disposal. In spite of the differences all participants 
agreed with the outcome of their respective workshop. The difference appears to be a 
direct result of the different groups' composition, which again highlights the need for 
effective guidance on the selection of participants (including, in some circurnstances 
Stakeholders) for decision-making. 
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6.4.6.3 The Balance Sheet 
Once the preferred technical option is decided upon, the DMM proposes that it must 
be presented alongside any Cost Benefit Analysis (CBA) results and socio-political 
factors in order to reach the BNFL recommendation. The information gathered is 
brought together in the form of a 'Balance Sheet', which attempts to provide a holistic 
picture of the options on which, any decision can be based; see section 6.2. 
Cost Benefit Analyýis (CBA): 
As explained in Chapter Five, CBA is an appraisal of an investment project which 
attempts to incorporate all social and financial costs and benefits accruing to the 
project as a basis for determining whether a proposed decision should proceed; i. e. do 
the benefits exceed costs? In 1977 the International Commission on Radiological 
Protection, ICRP, quantified the process of optimisation of protection from single 
radiation sources and adopted, implicitly, a utilitarian ethical policy when it 
recommended the use of cost-benefit analysis to determine: 'How much does it cost 
and how many lives are savedT This involves calculating collective dose and thereby 
emphasises the protection of society over individuals. This emphasis, however, does 
not necessarily provide, sufficient protection for each individual. As highlighted in 
Chapter Five,, classical cost-benefit analysis is unable to consider the individual, and 
the ICRP initially attempted to address this by suggesting a non-linear cost for the unit 
of collective dose. However, this also does not recognise sufficiently the individual 
risk, and as a result the use of collective dose, aggregated to include all levels of dose 
overall all periods of time into a single value, has distorted the process of protection 
optimisation. This approach to process optimisation requires consideration of a 
quantified balance of costs and benefits, but in practice, governments, physicians, or 
individuals'. do' not make decisions about courses of action in a predominantly 
quantitative 
_,, 
'. way a'qualitative approach is more common and usually more 
a ppropnate 123 . Nevertheless, as BNFL continue to adopt a CBA approach within the 
123 The ICRP are further investigating the process of discharge optimýisation through the applicationof 
Protection Action Level which can be justified in terms of the'existencc of natural background 
radiation and its variation for' individuals. The initial proposals suggested that the optimisation of 
protection as it is now usually understood should be replaced by a different requirement. They suggest 
that the residual doses, after the application of the Protective Action Levels, should be kept 'as low as 
reasonably practicable' (ALARP) and that scientific analysis should not be over-utilised - the use of 
6common sense' is often important. As a result the process of optimisation in future may best be 
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DMM, it was applied in the workshop and is outlined here. 
BNFL apply CBA to ascertain whether dischargelabatement options give 
pyoportionate gains in benefit (dose saving equated to a financial sum) when 
compared to costs (e. g. lifetime costs including construction, commissioning, 
operation, and decommissioning). The assessment is used as a broad screening tool 
and is not intended to be precise in nature. Furthermore, historically BNFL has not 
applied discounting to future benefits or detriments. 
As highlighted in Chapter Three the dispersion of radioactive discharges into the 
environment can be modelled over global distances and different timeframes. 
Consequently, -the theoretical estimates for Collective doses (ManSv) to members of 
the public over given geographical areas (e. g. UK, Europe or World) and timeframes 
(e. g. 100 years, 500 years or infinity) can differ quite significantly. To be 
conservative, and following NRPB guidance, BNFL usually adopt the World 
geographical area and the timeframe of 500 years. BNFL utilise NRBP/EA guidance 
which recommends that no more, than E25,000 124 should be spent to reduce the 
collective dose arising from a discharge from a nuclear licensed site by I ManSv 125 
Based on the findings from the CBA, BNFL adopt one of three positions regarding the 
output: 
* An option whose calculated benefit is within a factor of 2 of the L25k per manSv 
is considered to be reasonable or proportionate. 
carried out by Stakeholder involvement to determine or negotiate for the best level of protection in the 
circumstances. This would involve the presentation of costs and residual doses for a range of options 
either in the workplace or involving exposures of the Public. While the Protective Action Level thus 
represents a basic standard of individual health protection, stakeholder involvement determines how far 
below the Action Level is 'as low as reasonably practicable'. This would represent the optimum level 
of protection from the source under control or for an uncontrollable source. Thi achievement of 
consensus would replace the previous formal cost-benefit analysis 
(http: //www. nks. org/nordisklaktuelt/1998-2001/slutseminar/Paper Roger 5 
Clarke. doc). 
124 The figure originally recommended by the NRPB currently stalýds at E20k per manSv 'saved' (NRPB 
Vol 4, No 2,1993). However, the Environment Agency (EA) have used a figure of E25k per manSv 
(presumably to reflect inflation) in their SAMAR 2 review. This figure of E25k per manSv is applied 
until formal advice is issued which provides a revised figure. 
125 Interestingly, BNFL argue that having calculated the detriment saved in monetary terms a 
comparison can be made with the Government Value to Prevent a Fatality (VPL) (sometimes also 
referred to as a Value of a Statistical Life (VOSQ or Cost of Saving A life (COSAL)). The current 
value adopted for government investment decisions (e. g. road improvements or Health Service 
investments) is about E1000k. The collective dose CBA value of E25k manSv corresponds to a similar 
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9 An option whose calculated benefit is within a factor of 10 of the E25k per manSv 
value is not automatically considered to be disproportionate, and may be worth 
further investigation. 
e An option whose calculated benefit is greater than E25k per manSv by at least a 
factor of 10 is considered to be grossly disproportionate. However, further 
investigation may be necessary in some cases; e. g. in instances when it is a 
regulatory requirement. 
As highlighted in Chapter Four (section 4.5.5.1) each drum of ILW costs -E50,000 to 
produce. Thus, the Balance Sheet used in the research workshops highlighted that 
encapsulating the 14C from the reprocessing of 1000 teU within THORP costs 
approximately E2.25 Million. However, this money would not be saved if the 
operations associated with 14C encapsulation ceased. This is because the lifetime 
costs of the plant (i. e. the predicted cost of plant from construction through to 
decommissioning) are split almost equally between capitals costs and operational 
costs - and 90% of the operating costs are fixed'and are not affected by the WEP's 
throughput. Thus, only the remaining 10% of the operating costs can be reclaimed 
and as a result the actual saving made through adopting Option One or Two (i. e. direct 
aerial or marine discharge) and not encapsulating the barium slurry (i. e. ) is -F. 2500 
per drum - an annual cost saving of -L160,000. Thus, the assumptions used when 
conducting the CBA (i. e. whether capital and fixed -operational costs are included) can 
result in a different outcome. As a result both sets of data were presented to the 
workshops' participants to allow them to make the decision about what should be 
considered in decision-making. 
Other Socio-political Factors 
Other key socio-political factors, which are supposed to be excluded from the MADA 
component of the DMM and only considered at this point of the analysis, are 
presented, either as qualitative or quantitative statements, and also considered within 
the Balance Sheet. 
COSAL as the Government value. However, the logic, and value, of such risk comparisons (e. g. the 
voluntary aspect of risk exposure) can be seriously questioned - see Chapter Five. 
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An example of the Balance Sheet used in the workshops for abatement Option 3 (i. e. 
solid encapsulation of 14C) is presented on the following two pages. The workshops' 
I participants were taken through the Balance Sheet component of the methodology and 
their views were sought on the technique and its applicability to decision-making 
within the nuclear sector. 
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Example of Balance Sheet for Option Three of Carbon-14 Workshop 
Scientific & Economic Analvsis 
(Consideration of Carbon-14 species only) 
Option 3: No change; the continued encapsulation of 
MCP Post caustic scrubbingfrom 
the Dissolver off Gas (DOG) and precipitation in the Carbon-14 Removai 
Plant, within Concrete matrixprior to repository disposal. 
Cost Benefit Analysis 126 
There is no change in the Collective Group Dose associated with Option 3 because it 
is current THORP practice - the dose abated by the system is 51.42 manSva'I . All 
doses are taken from the "C LCA and the radiological impact abated is equivalent to 
the following financial unit: 
I manSv E25,000 
If operational and capital costs are considered the cost is E2.3m. 
Criteria Dose Save 
Dose 
(Benefit) 
Equivalent (f) 
Cost (f) 
Financial Saving (E) E2.30m 
Collective Dose (manSvdl 51.42 fl. 86m 
rTotal E1.286m E2.30m 
World collective dose is used. 
The CBA leads to the equivalent value per manSv abated as -f44,700. 
However, if only the operational costs are considered the cost is ; CO. I 63m. 
Criteria Dose Save 
Dose 
(Benefit) 
Equivalent (L) 
Cost (L) 
Financial Saving M LO. 163m 
_ Collective Dose (manSva7l) 51.42 fl. 286m 
I fl. 286m LO. 163m 
World collective dose is used. 
The CBA leads to the equivalent value per manSv abated as -B, 170. 
CBA Conclusion: 
Although both options are considered to be reasonable or proportionate, the CBA 
leads to the conclusion that the cost of abatement (i. e. encapsulation) of the Carbon- 
14, in financial terms, exceeds the potential detriment posed by the direct release of 
the species to the environment (@ f25,000 per ManSv). However, if capital costs are 
excluded this option appears to befeasible. 
I All costs are at Net Present Value (NPV) and therefore if cost is not discounted; if discounted costs 
are to be used then benefits should also be discounted. 
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Parlicipants'Comments: 
Although some participants saw the benefits of CBA, the application of the technique 
1`6r environmental decision-making drew general criticism from BNFL and 
stakeholder representatives alike. Primarily, there were concerns that the scope of the 
CBA was too narrow because it only assessed the collective dose component of the 
system under study and was therefore highly misleading (AV. 3.8). Secondly, there 
were concerns about the lack of transparency that the approach brings to the decision- 
making process because the assumptions used to deten-nine the financial values 
attributed to radiological doses are not made available (AW. 3.7). Furthermore, some 
participants highlighted the probability that the majority of the assumptions embodied 
in the financial cost per human life are subjective. This further emphasises that the 
DMM's attempt to separate the technical and socio-political aspects of decisions is 
artificial (AW. 3.7). A number of participants were also concerned about the highly 
controversial application of aggregation techniques because environmental decision- 
making is 'value-judgement drA, en and there should be no interpretation qI'the results 
into e. g. theoretical deaths, sub-lethal impacts etc. Presenting the barefilcts seems to 
be the best approach. Because of the ethical implications of such an approach some 
participants felt that 'there is a need. for wider stakeholder review oi, er... whether it is 
appropriate to attributefinancial i, alues to manSv'. 
Participants in both workshops also raised concerned about the independence of the 
Balance Sheet and whose values it is supposed represent. All participants agreed that 
ifthe Balance Sheet approach is to be adopted by BNFL then stakeholders need to 
partake in its dcvelopment/construction. In fact it was highlighted that stakeholder 
integration in decision-making is the only manner in which you can properly identify 
and addrcss the socio-political factors of a decision. Consequently, it was the 
participants' general opinion that BNFL needs to engage others before it makes 
decisions (A6.3.2). 
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Outcome: 
Application of the Balance Sheet in its present forin should be avoided. Tlicsc 
workshops have re-ernphasised findings from previous research (Chapter Hvc) 
regarding the application of aggregation techniques and their potential to 
obscure transparency, be socially unacceptable and undcr-ininc the robustness of' 
the decision-inaking process/outcome. Nonetheless, it' aggregation techniques 
arc to be applied, and it is strongly suggested that they should not, it is 
recommended that their use should be agreed and clarified with all involved 
parties, including, where relevant, stakeholders. 
6.4.7 Implement, Monitor and Review (Figure 6.1, Box 7) 
The research was l'ocussed on the proccss of decislon-making, not the outconic. 
Consequently, this stage of the DMM process was excluded from the analysis. 
6.5 Participants' Comments Regarding Stakeholder Integration 
Workshop participants alluded to the role of stakeholders in decision-making, 
particularly for contentious issues, at virtually every stage ofthc DMM. Tile specific 
issues raised are presented in this section separately frorn tile DMM discussion. 
6.5.1 Acceptance of the Methodology used for Decision-making 
There were concerns about the acceptance of the methodology proposed for decision- 
making. Many participants, particularly in WS2, considered it unrealistic to expect 
stakeholders and/or citizens to accept a methodology for decision-making that has 
been developed without involving them. In order for external parties to buy-in to a 
decision, they must first buy-in to the methodology used to arrive at that decision; this 
can only be achieved it' stakeholders arc involved in the development of the 
methodology. All parties involved in the decision-i-naking process have to own the 
process in order for it to be seen as legitimate: 'there arc, alwa. vs problems when 
decision makers Irv and. 16rce a process which theY have devised on a wider range of 
stakeholders, you need to develop the methodologv with the stakeholders' (AW. 4.3). 
6.5.2 Stakeholder engagement is essential, but not for all decisions 
There were BNFL representatives of the belief that participation nccds only to be 
undertaken in line with legislative requirements (AV. 3.5). However, whilst this view 
is understandable to a degree, the niajority of BNFL representatives and all 
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stakeholder representatives felt that stakeholder engagement usually ensures greater 
acceptance and support of decision outcomes (AVAI & AWAI). However, it was 
also expressed that stakeholder integration into, BNFL decision-making should be 
carried out judiciously on a case by case basis; it is not necessary, or possible, for 
BNFL to consult stakeholders on every issue (AWAI). Nevertheless, the workshops' 
participants were unable to clarify when, how, and on what type of decisions 
stakeholders should be engaged. Therefore it was suggested that guidance on 
stakeholder involvement in BNFL decision-making be developed. However, such 
guidance, in order to be legitimate, cannot be developed by BNFL in isolation; it 
needs to be developed in collaboration with stakeholders (AW. 4.1). 
6.5.3 Participation needs to be inclusive 
Mixed views were expressed about the stakeholders that should be included within 
BNFL decision-making (AV. 4.1 & AW. 4.1). Some participants highlighted five key 
stakeholder groups: the Company; Trade Unions; Local Authority; Regulators, such 
as the Nuclear Installations Inspectorate (NII) and the Environment Agency (EA); and 
other interest groups such as non-governmental organisations '(e. g. Greenpeace, 
Friend of the Earth, CORE 127 , etc). However, other participants suggested that you 
have to engage the people affected by a decision and as a result it is impossible to be 
prescriptive; it is impossible to define a single stakeholder group for all BNFL 
decisions'. Consequently, the workshop groups felt that BNFL should try to consult a 
wide range, of stakeholders. However, although a stakeholder representative 
suggested that BNFL could make use of Local Liaison Committees (LLCS)128, there 
was little further suggestion about how stakeholders should be approached and how 
such consultations should be carried out. Nonetheless, the participants' general 
consensus was that stakeholder participation needs to be inclusive; those affected by a 
decision need to be included in the decision-making process. 
127 Cumbrians Opposed to a Radioactive Environment. 
128 Such committees provide a forum for representation of local community interests in relation to the 
operations at a particular site, and it has been highlighted that there may be scope for stakeholder 
engagement through LLCs., For information on the Sellafield Local Liaison Committee see: 
www. slic. co. uk 
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6.5.4 Who are the stakeholders? 
Virtually all participants, in both workshops, were of the opinion that the 'reaI9 
stakeholders are not always represented in decision-making processes and that vocal 
minorities are the groups that often get the most attention (AVAI & AWAI). The 
'representativity of stakeholders in decision-making is an important issue and should 
be considered when designing decision-making processes. Consequently, it was 
suggested that, if BNFL wishes to develop the role of stakeholders in decision- 
making, guidance on the selection and representativity of stakeholders needs to be 
developed, in collaboration with key stakeholder groups. 
Interestingly, whereas some participants did not distinguish between stakeholders and 
citizens, believing that stakeholders are a subset of A citizens who take an interest in 
what BNFL is doing, others could see a distinction (AVA2 & AW. 4.2). However, 
those who distinguished between stakeholders and citizens had mixed views on the 
role of citizens in decision-making, and three schools of thought emerged. The first 
was that citizens should be involved in decision-making more generally because they 
may 'balance' the process by counteracting some of the extreme positions held by 
some environmental NGOs. Conversely, the second view was that it is impossible to 
engage with individuals, because many are apathetic and lack the resources to actively 
contribute; therefore representatives from stakeholder organisations should always be 
used to represent, or reflect, public opinion in decision-making. The third view 
agreed in principle with the second viewpoint for some decisions, but highlighted that 
where citizens may be directly impacted upon by a decision's outcome they would 
want, and in many cases need, to be directly engaged in the decision-making process. 
These would typically be large/national decisions, such as 'What happens to the 
Sellafield site? ', which have a major impact on the local community. However, 
within both workshop groups, there was little mention about how citizens could be 
effectively included in decision-making processes. Favourable reference was made to 
the UKCEED 129 national consensus conference (AWA 1) and it was also mentioned 
129 The United Kingdom Centre for Economic and Environmental Development (UKCEED) national 
Consensus Conference was held on 21-24 MaY 1999 at Westminster Central Hall, London, on the 
theme of Radioactive Waste Management 'www ukceed. org). 
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that the public could be used to periodically review a central core of dialogue between 
BNFL and key stakeholder groups (AW. 4.2). 
6.5.5 Involvement should start at the earliest possible stage 
Although there were mixed views over the level of stakeholder and/or citizen 
involvement in decision-making, it was universally accepted that where these parties 
are to be involved it should be at the earliest possible stage (AV. 5.1 & AW. 5.1). 
There is a problem with BNFL reaching a decision and then attempting to convince 
others that the decision is 'right' after it has been made. Decisions need to be 
effectively framed, and the workshops' participants felt that this can only be 
completed if stakeholders are involved in defining the problem - not just the solution. 
6.5.6 Stakeholders involvement should be interactive , 
Deliberation has an essential role in decision-making to reduce ambiguity and develop 
consensus. Consequently, 'the role that stakeholders play in decision-making should 
be interactive; communication has to be two-way. 
6.5.7 Stakeholders should inform, but not make decisions 
The role of stakeholders/citizens in decision-making attracted extensive comments in 
both workshops (AVAI; AVA. 2; AWAI; AW. 4.2). Most participants recognised 
that though stakeholders/citizens should inform, observe and contribute to BNFL 
decision-making, BNFL should maintain'the licence to make the final decision. Such 
a stance was adopted because many participants felt that stakeholders and citizens are 
currently unaccountable for the decisions they influence, whereas BNFL is. 
Consequently, many participants felt that stakeholders should not be making BNFL's 
decisions until they too are also taking responsibility and accountability for the 
decisions. - 
6.5.8 BNFL should make use of established links 
If stakeholders are to inform BNFL's decision-making, it is necessary that BNFL 
establish and maintain effective links with a broad group of stakeholders prior to 
entering 'real' decision-making situations. It would be impossible, and unwise, for 
BNFL to request stakeholders to inform decision-making without first putting in the 
groundwork to establishing dialogue around more general issues. For example, the 
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need to develop a dccision-making methodology, or guidance about such a 
methodology's use, with stakeholders would appear to be an opportune occasion for 
such communication and 'trust-building' exercises. Furthermore, it was suggested 
that the BNFL National Stakeholder Dialogue programme that has been established 
with the Environment Council and the Sellafield Local Liaison Committee (SLLC) 
provides an ideal base from which to further develop stakeholder integration into 
other aspects of BNFL's decision-making activities. 
6.5.9 Stakeholder concerns & stakeholder commitment 
Stakeholders have concerns regarding their involvement in decision-making and 
therefore would not always be willing to accept the invitation to infonn BNFL's 
decision-making. This point was raised with regard to two key aspects. Primarily, 
there is the issue of credibility: individuals representing stakeholder groups who 
participate in decision-making may be unable to persuade their members, whose 
views they are mandated to represent, about a decision resulting in major conflict 
within an organisation (AW. 4.4). Secondly, there is the issue of 'stakeholder fatigue' 
and the resources available to stakeholders; as a result a delicate trade off exists 
between stakeholder involvement throughout the process and the ability of 
stakeholders to maintain such involvement (AW. 5.1). 
It was therefore felt that BNFL should consult stakeholders on these issues and 
should, where possible, make provisions (e. g. financial aid) to reduce the resource 
burden on stakeholders wishing to contribute to decision-making processes. 
However, whilst the issue of stakeholder fatigue is important, it was also highlighted 
that BNFL should recognise that not all stakeholders are committed to constructive 
engagement. BNFL need to develop approaches that encourage collaborative 
negotiation with stakeholders; there is no point in expending resources on approaches 
that may not actually contribute to decision-making (AW-5-1). 
6.5.10 Who will be the consultee? 
Uncertainty regarding the future of stakeholder engagement in the nuclear sector, due 
to the establishment of the Nuclear Decommissioning Authority (NDA), was 
highlighted. Many participants felt that stakeholder engagement will be a 
responsibility for the NDA as the strategic body ultimately responsible for decision- 
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making, leaving BNFL to take on a contractor's role t6implement decisions reached 
by the NDA (AWAI). Nevertheless, many participants within the workshops' 
expressed the opinion that: 'whateverform BNFL takes in the future, I would expect 
BNFL as a Management and Operations (M&O) contractor to maintain some kind of 
stakeholders irrespective of what the NDA is doing'. 
6.5.11 Does stakeholder inclusion make a difference? 
Most of the participants, in both workshops, agreed that the current approach to 
environmental decision-making within the nuclear sector is neither efficient nor 
effective. However, mixed views were expressed about the potential impact of 
involving stakeholders/citizens on BNFL's decision-making process and the outcome, 
and the public's acceptance of the final decision. 
Although participants felt that stakeholder inclusion would affect the current decision- 
making process, there were mixed opinions about the impact on the decision outcome; 
two views emerged. The first view, expressed by a minority of participants, was that 
participation would encourage opposition, increase scrutiny of BNFL's affairs, would 
hinder progress and would result in less technically and economically correct 
decisions (". 4.3). Conversely, the second view was that early consultation would 
avoid potentially costly delays later in the decision-making and implementation 
process (AW. 4.3). Furthermore, many of the participants who adopted the second 
view believed, that stakeholders have much to add to decision-making (not just 
criticism and cost): - their involvement would provide additional confidence in 
decision-making by enhancing transparency and hence strengthening the decision 
outcome. 
However, some participants were keen to emphasise that although there is anecdotal 
evidence that stakeholder acceptance will lead to wider public acceptance, it is by no 
means guaranteed (AV. 4.4 & AWAA). The principal reason for this view was a 
feeling that the vast majority of the general public is apathetic about nuclear industry 
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activities 130. Consequently, the groups' general opinion was that although 'you can 
involve 80% of the people and earn respectfor the decision ... that doesn't mean that 
the decision is easier to implement or present' because the remaining 20% may 
contest the decision (AW. 4.3). However, a number of participants were of the 
opinion that although stakeholder involvement in decision-making is currently not 
well established within the UK (AW. 4.4), it is in vogue and it will ultimately be a 
universal, and possibly regulatory, requirement. Consequently, they felt that 
stakeholder integration in decision-making should be an area of further 
researchlinvestigation for BNFL. 
6.6 Participants' Comments Regarding LCA 
During Box D of Workshop Two (WS2) the participants were introduced to the LCA 
methodology and presented with LCA information on the three 14 C abatement options 
under study (see Appendix X). It was assumed that the group would then revisit the 
scoring and weighting of options using the provided LCA information to make a more 
informed decision. In the event, the presentation of the LCA information did not alter 
the group's overall decision outcome; rather, the participants felt that it reinforced the 
decision reached on the first day of the workshop. Consequently, it was instead 
decided to have a general discussion about the role and application of LCA and the 
information it provides, within the DMM and environmental decision-making more 
generally. LCA data were introduced at this latter stage of workshop two because 
earlier introduction would prevent the workshop's participants from commenting on 
the application of the DMM with information representative of that typically used for 
enviromnental decision-makirig within BNFL. 
6.6.1 LCA and MADA 
The group emphasised that there appears to be a potential symbiosis between Multi- 
attribute Decision Analysis (MADA) and LCA. The MADA approach to decision- 
making provides a useful method for factoring the information generated through the 
application of LCA into a suitably robust framework. The LCA technique 
13' Although, it was highlighted that this perceived apathy may simply be because the general public 
accept that their views arc being represented by others; e. g. elected representatives, Non-Government 
Organisations, etc. 
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complements the MADA process because it provides extra information to underpin 
the environmental attributes/criteria of the DMM; i. e. Chemical Impact, Radiological 
Impact, Resource Use, and potentially Disturbance/Nuisance. Thus the integration of 
MADA and LCA can contribute to a more effective decision-making framework than 
either by itself. Furthermore, it was highlighted that since the LCA technique adopts 
a much wider scope than many other environmental assessment techniques, it is 
potentially helpful in addressing the issues raised in the application of the DMM 
regarding the vagueness of the measurable attributes used for decision-making (see 
section 6.4.3.2). 
The majority of participants highlighted that the LCA technique not only expands the 
boundaries of the system under consideration but also clarifies the boundaries of 
decisions (AW. 8.6). As one participant put it: 'it draws out and puts a very clear 
interactive system upfor everybody to be working on the same basis'. Thus, the LCA 
technique provides a useful mechanism for setting out the scope of an assessment and 
enables the decision group to appreciate the whole picture (AW. 8.6); i. e. those 
components of a system that would not otherwise be addressed without applying 
LCA. 
Furthermore, as the LCA technique provides a slightly different way of thinking about 
a decision (AW. 8.2), the technique's increased scope may highlight issues that would 
otherwise be overlooked, and as a result it demonstrates that a very thorough and 
comprehensive environmental review of the system under study has been carried out 
(AW. 8-7). However, issues were raised regarding where system boundaries are. As a 
result, stakeholder involvement was seen as crucial in defining the system boundaries 
for potentially controversial decisions (AW. 8.7). It was also the opinion of some 
participants that the increased scope of the LCA technique would be of benefit in 
defining the criteria used for option assessment (AW. 7 & AW. 8.2). Furthermore, 
because LCA offers a much wider scope it may actually result in the creation of 
further criteria and attributes for decision-making. Although this was not carried out 
in the workshops, some participants suggested that the LCA impact categories could 
be factored into the DMM at the measurable attribute level and scored and weighted 
accordingly. However, there were also concerns that this would lead to double 
counting, for example if a measurable attribute termed 'Global Warming' was created 
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it would assess the impact posed by C02 which is already included within the 
Chemical Impact criterion of the DMM. 
It was also emphasised that because LCA provides additional quantitative information 
it assists in deriving a much more robust score for the criteria considered within a 
MADA. For example, during the first day of WS2 the participants were unable to 
sufficiently score the marine discharge abatement scenario (Option 2) within the 
Chemical Impact, Radiological Impact and Resource Use attributes; as a result, the 
group arbitrarily opted for a score of 5 for these attributes. However, after 
presentation of the LCA information on the second day of the workshop, a number of 
participants commented that if such information were introduced earlier, it would 
have helped in the scoring of options (AW. 7). Thus it appears that LCA information 
can result in more informed and efficient decision-making. Furthermore, because the 
LCA technique expands the scope of assessment through assessing the life cycle 
impacts it provides additional information for decision-making and improves the 
quality of the final decision (AW. 8.4). As a result, it was the view of one BNFL 
representative that it 'strengthens the audit trail and the underpinning of a decision' 
and therefore makes the final decision more defensible. 
6.6.2 What does the, added information mean? 
Concerns were raised about the information generated through the application of the 
LCA technique. and its communication and interpretation. Primarily, a number of 
participants found it difficult to put the information provided by LCA into context and 
as a result struggled to assess the study's main findings. Consequently, it was felt that 
there is a need to normalisel3l the data provided by the LCA technique so that it is 
presented in a more meaningful mahner, which is capable of being interpreted by all 
participants, including stakeholders (AW. 8.2). Secondly, many participants were 
13 1 The effect scores in LCA are sometimes difficult to interpret because the order of magnitude and 
units differ. To overcome this problem a final step called normalisation can be used which makes LCA 
scores more meaningful by relating them to the total emissions or extractions in a certain area (e. g. UK, 
Europe, World) over a given time (e. g. I year). However, it is important to highlight that although the 
total UK, Europe or World production of global warming gases and the total extraction of abiotic 
resources can be estimated relatively accurately, for other impact categories data still needs to be 
gathered. Some approaches suggest that individual country data can be used and scaled on the basis of 
Gross National Product (GNP); however this makes the questionable assumption that emissions 
increase in proportion to GNP. 
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unfamiliar with the concepts and terms used within LCA so that the LCA impact 
categories had limited transparency; this results in difficulties when interpreting the 
information presented within the impact categories (AW. 8.2). For example, Global 
Warming Potentials (GWPs) compare the radiative forcing of the gases, not the 
damage caused by climate change; e. g. rising sea level and changes in biodiversity. 
Thus, since the likelihood and consequences of the impact are not quantified or 
forecast, some participants felt that interpretation of the'impact category information 
is difficult and controversial because the results from an LCA can be interpreted in a 
different manner by different people 132 . It was explained by the Workshop Co- 
ordinator and the Academic Supervisor that any attempt to reduce the GWP resultsto 
sea level change in centimetres, for example, would 'suffer from the inherent 
uncertainties which affect any attempt to peer into the future of systems as complex, 
sensitive and imperfectly understood as ecosystems. Consequently, the analysis could 
not be carried out within a completely scientific framework because numerous 
assumptions and value judgements would be required which ultimately obscure the 
transparency of the, original information. Many participants grasped the logic of the 
argument and agreed that there is a fine line between aggregating and presenting 
information in a comprehensible manner without obscuring the transparency of the 
original information. In light of this they felt that, if such approaches are to be used in 
decision-making, their use should be agreed with all involved parties, including 
stakeholders where relevant. 
6.6.3 LCA in Regulation & Industry 
It was the opinion of many participants that the LCA technique could effectively be 
applied to a variety of decisions at a variety of levels, from high level (strategic) to 
low level (on the ground) decisions. As a result, they felt that the development of 
LCA is required within both the industrial and regulatory fields (AW. 8.8 & AW. 8.9). 
Although some participants felt that the LCA technique is time consuming, resource 
intensive, and may add complexity to the overall decision-making process, the general 
view was that it is a necessary/integral component of effective environmental 
decision-making (AW. 7). LCA has the potential to make environmental regulation 
132 However, this view does conflict with some of the comments made regarding the loss of 
transparency resulting from the application of aggregation techniques in section 5.1.6. 
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and BNFL decision-making more transparent. Furthermore, because the LCA 
technique highlights the disparity between radiological and non-radiological impacts 
present in the current regulatory approach, some participants hinted that it may be of 
advantage to BNFL in controversial decision-making situations (AW. 8.9). As one 
participant emphasised: 'it highlights that the Environment Agency's regulatory 
approach is seriously at variance with the Royal Commission on Environmental 
Pollution's, so using this technique in a high profile way would put the EA 
immediately on the backfoot'. Consequently it was felt that BNFL could adopt the 
LCA technique for lobbying the regulators over a particular position taken on a 
controversial subject in order to promote a more level playing field for decision- 
making. However, it was also pointed out that it is as yet unclear how the regulators 
would respond to such an approach if it were adopted by BNFL, and as a result it was 
emphasised that there should be more piloting examples of LCA within the nuclear 
sector prior to the adoption of the technique (AW. 8.9). As a result, all participants felt 
that there is a need for BNFL to maintain its interest in the LCA technique and engage 
the regulators about the potential role of LCA for regulatory decision-making 
(AW. 8.1). 
6.6.4 LCA has to be applied judiciously 
Although LCA was seen as a powerful technique for decision-making, there were 
reservations about its widespread application: the decision to apply LCA to a 
particular decision is a decision in itself (AW. 8.6). Some BNFL representatives felt 
that it is unnecessary and unwise to apply comprehensive and complex decision- 
making processes to decisions that are narrowly defined and uncomplicated. As one 
participant put it: 'it's not doing the LCA in depth that's necessary in every case, it's 
about doing enough work to demonstrate whether or not there is a signiji'cant 
background effect and then that determines the depth to which you do the LCA'. As a 
result the technique needs to be applied judiciously; many felt that there is a need for 
guidance on the role and application of LCA for decision-making within BNFL. 
Furthermore, it was suggested that if such guidance is to be used with stakeholders, 
then the relevant stakeholder groups need to be engaged in its development. 
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6.6.5 Who should conduct such studies? 
There was general agreement between the BNFL representatives that if an LCA were 
to be carried out for a specific decision, then BNFL would be responsible for such an 
assessment, but would not necessarily perform the study; e. g. an independent expert 
consultant might be commissioned133. The decision-making process and outcome 
from such a study would then almost certainly be subject to regulatory peer review. 
However, although the stakeholder representatives accepted that a study performed by 
an independent consultant would be trustworthier than a study performed by BNFL, 
there were concerns. Some participants within the workshop highlighted that some 
stakeholders, particularly environmentalists, would be suspicious of any study 
buttressing BNFL's case for adopting a particular approach (AW. 8.8). As a result if 
LCA is to be applied to a potentially contentious decision where, as outlined in 
section 6.5, stakeholder involvement is a pre-requisite, then the study needs to be 
developed with stakeholders within a joint fact-finding environment (AW. 8.7 & 
AW. 8.8). It was felt that in order to provide an effective study there is a need for 
stakeholder involvement throughout the process; i. e. in defining the goals and scope 
of the study, the inventory analysis, impact assessment and interpretation of the 
information provided. As one participant explained: 'ifyou were going down the LCA 
route for a particular study, as long as you had buy-in from the start in that this is 
what we're trying to do, this is what we're trying to look at, these are the criteria we 
are going I to use, these are thefactors we're going to apply -you have to make it an 
integrated and interactive process at every stage'. Although this may be a difficult 
and time/resource-consuming task, it is absolutely necessary to ensure that the 
ultimate decision is legitimate and accepted by all parties. 
6.6.6 LCA, may positively influence public acceptance 
All participants were of. the opinion that the application of LCA in the decision- 
making process positively affects the quality of the final decision. The reason was 
that the technique clarifies the decision context and makes the final decision much 
133 However, although a study performed by independent consultants is generally better perceived than 
a study performed by DNFL, there were concerns that the independence of 'independent consultants' is 
a fallacy because BNFL will ultimately be paying them. Thus, as one participant put it: 'the problem 
with the Company recruiting an independent consultant is that you'll always get - that's what BNFL 
said anyway% 
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more transparent, allowing the public to 'get their heads around the science' behind 
decision-making. However, some participants were of the view that the acceptance of 
decisions is more dependent on the stakeholder engagement process and the parties 
involved in decision-making, as opposed to the information used during the decision- 
making process. 
6.7 Discussion 
Overall the workshops have proved to provide a valuable and non-threatening 
environment for the exchange of ideas and opinions about the role of LCA 
information and stakeholder integration in environmental decision-making within 
BNFL. The study has provided evidence to support the claims made in Chapter Five 
regarding the application of MCA approaches within a decision conferencing 
environment. Furthermore, this research has investigated how LCA information can 
effectively be factored into environmental decision-making processes adopting a 
MCA approach and how stakeholders can make a positive contribution to the 
development of decision-making methodologies; that is the DMM, Decision 
Conferencing and LCA. Chapter Seven addresses the key findings from this research 
and presents some areas highlighted for further methodological development. 
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Chapter 7 
Conclusions & Summary 
This portfolio has attempted to address the lack of public confidence in environmental 
decision-making within the UK nuclear sector through investigating the technological 
and social aspects of decisions. It was highlighted in Chapter Two that the UK's 
approach to environmental regulation and decision-making, as defined in Chapter 
One, is changing under the influence of the developing sustainability agenda and that 
these changes have implications for the types of evidence required to support 
environmental decision-making. Chapter Two is based extensively on the work of the 
Royal Commission on Environmental Pollution (RCEP), particularly their 2 l't Report 
(1998) which is viewed as leading the way in articulating a general conceptual 
framework for environmental decision-making which takes account of public values; 
as a result it provides the main theoretical foundation for this portfolio. The main 
conclusions relevant to specific chapters have been discussed within those chapters. 
However, this final chapter aims to draw together the key findings and make 
suggestions for research that would allow further exploration into the application of 
both Life Cycle Assessment (LCA) and Multi-Criteria Analysis (MCA) for decision- 
making within the nuclear sector. 
7.1 Life Cycle Assessment (LCA) 
Due to the developing sustainability agenda, the regulatory system has been modified 
in response to the trends and influences exerted upon it. However it has not evolved 
to the full extent required and this is reflected by the limited scope and consistency of 
UK legislation, particularly within the nuclear sector where radiological and non- 
radiological impacts are regulated differently. Such a situation, coupled with the 
influence of social pressures upon regulators and decision-makers, can lead to 
circumstances where environmental regulations actually result in the creation of 
unrecognised but signiflcant environmental impacts, albeit at other stages of an 
activity's life cycle. In an attempt to address this issue, LCA, has been applied. It has 
proved beneficial for environmental impact assessment, particularly for the 
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determination of Best Practicable Environmental Option (BPEO) and Best Available 
Technique (BAT) because it draws at tention to the link between pollution of the air, 
134 
water and land by considering both the foreground and background systems 
The Carbon-14 (14 Q abatement case study, outlined in Chapter Four, is the first 
application of LCA for regulatory decision-making within the UK nuclear sector and 
has proved the effectiveness of the technique. Also, in applying the technique at two 
separate stages of an activity's life (i. e. construction with regard to MAGNOX, and 
operation with regard to THORP), it has been demonstrated that the technique can be 
applied to provide useful information at both the design and process optimisation 
levels. Although the study has not altered the perspectives held by BNFL decision 
makers (i. e. the trend with regard to the reduction of relatively small radiological 
impacts at the expense of non-radiological impacts was expected), its application has 
confirmed their concerns and quantified the background impacts as significant. For 
example, within the THORP study the adoption of Scenario Three, solid 
encapsulation of 14C, results in a Critical Group Dose reduction of 0.67 ýtSv, but 
creates 52.65 tonnes of Intermediate Level Waste (ILW) with a volume of 25.2M3 in 
the foreground system per year. Furthermore, it has been shown that the abatement of 
radionuclides in the foreground system actually results in increased emission of 
radionuclide species from the background system although, within the case study, the 
impacts associated with these discharges, based purely on the Bq figures available, are 
less significant that those abated. The case study also suggests that the focus on 
radionuclide impacts at the. regulatory level results in the disproportionate application 
of financial resources, which could arguably be better utilised (applying a utility 
maximisation argumentl) to provide more 'good'; e. g. building hospitals or funding 
local area regeneration. These findings reinforce many of the comments made in 
Chapter Two -regarding the separate legislation covering radiological and non- 
radi ological impacts, and the need to consider the concept of an 'environmental 
optimum', as defined in Chapter One, for balancing the impact abated with the impact 
134 The foreground system comprises of the primary installation under investigation and often includes 
the set of processes whose selection or mode of operation is affected directly by decisions based on the 
study. The background system is made up of all other processes which interact directly with the 
foreground system, usually by supplying material or energy to the foreground system or receiving 
material or energy from it, but are otherwise unaffected by decisions made in the foreground system. 
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subsequently created. The application of LCA to assess the environmental impacts 
arising from the abatement of radionuclides at the Sellafield site has provided 
information for decision-making which otherwise would have been unavailable to 
BNFL. 
The application of the LCA methodology has demonstrated that it has a number of 
attractions as an environmental management tool within the nuclear sector for 
defining and quantifying the burdens and impacts associated with mitigating 
discharges or optimising processes and thus providing valuable information for 
environmental decision-making. On the basis of these findings it is recommended 
that the application of LCA be promoted within the nuclear sector to examine further 
the 'concentrate and contain' position adopted by regulators for management of 
radiological waste; it is inferred that the balance between radiological and non- 
radiological impacts may be disproportionate for a wide range of other species. Such 
a development would not only provide further experience regarding the application of 
LCA within the nuclear sector but would also provide more comprehensive 
environmental information for decision-making. Furthermore, these studies may also 
provide further opportunities to improve the overall perforinance of current operations 
through identifying areas (i. e. 'hotspots') where environmental improvements could 
be targeted. 
7.2 The Radiological Methodology 
Although there is consensus within the LCA community about the structure of the 
LCA methodology presented within the ISO standards, there are several research 
areas that are currently being developed in LCA. The impact assessment of 
radionuclides is one such area; it is highlighted that some of the main challenges with 
respect to the assessment of radionuclide impact within LCA relate to radioactive 
solid waste management and environmental interventions that arise over long time 
periods. This portfolio, in applying the LCA technique to a nuclear sector activity, 
has reviewed the methodologies currently available for radionuclide impact 
assessment. 
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The theoretical assessment of the methodologies (i. e. critical volume, damage-based, 
site-specific and risk-based techniques), set out in Chapter Three, found that all 
account for the impacts posed by direct aerial and liquid discharges through adopting 
broadly similar approaches to impact assessment. However, only the risk-based 
Human and Environmental Irradiation methodologies can account for the impact 
posed by solid waste disposal. Furthermore, although most methodologies are 
generic, and therefore only provide comparative assessments, the site-specific 
approach can most accurately predict the environmental impact posed by direct liquid 
and aerial releases. On the basis of these finding the risk-based and site-specific 
methodologies were adopted for the LCA case studies performed in Chapter Four. 
However, the theoretical comparison showed that the Human Irradiation model can 
provide a complete analysis of all the scenarios studied; i. e. it accounts for direct 
marine and aerial discharges and addresses the impacts posed by solid waste disposal. 
The Environmental "Irradiation, Critical Group Dose, and Collective Group Dose 
methodologi6s could not assess the impacts posed by 14 C discharged as a solid waste. 
Furthermore, ' due to methodological -limitations, the Environmental Irradiation 
methodology was unable to assess the impacts posed by aerial releases of 14C, and 
was therefore of, limited value. Nevertheless, the Environmental Irradiation 
methodology may be a useful approach for other radiological species and does 
address some of the issues raised within Chapter Three regarding the radiological 
impact of releases upon non-human species. Most interestingly though, and one of 
the mok important di'scoveries'of this research, is that the Human Irradiation and site 
specific Collective Group Dose methodologies provide conflicting results. Whereas 
the Critical Group Dose and the EU and World Collective dose methodologies predict 
that a marine release of 14C gives a lower dose than an aerial discharge, per unit 
discharge,, the UK Collective dose and Human Irradiation methodologies predict the 
opposite. The principal reasons for the disparity between the models are discussed in 
section 4.5-6.3. 
These findings make it is impossible to prescribe a 'standard' methodology for the 
impact assessment of radionuclide impact within LCA. As a result it is recommended 
that no single radiological impact methodology should be relied upon; i. e. future 
radiological impacts should be assessed using both the generic risk based and site- 
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specific methodologies. Furthennore, in light of the issues identified regarding the 
application of the techniques, it is recommended that an evaluation of all radiological 
LCA human impact assessment methodologies be initiated in order to further identify 
the key similarities/differences between the models. It is suggested that the 
methodologies available for the determination of radiological impacts upon non- 
human species be further investigated, possibly building upon the frameworks 
developed by bodies such as the International Commission on Radiological Protection 
(ICRP), International Atomic Energy Agency (IAEA) and the United Nations 
Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) discussed in 
section 3.5.3. 
7.3 Social Component of Decision-making 
The disproportionality between the non-radiological and radiological impacts 
identified through the application of LCA confirms that the socio-political aspects of 
decision-making are influencing the decisions made by regulators. However, 
although the LCA technique provides comprehensive information for utilisation 
within decision-making, it does not itself make decisions (unless pf course one option 
performs better on all impact categories than all other options). As a result the 
application of LCA in isolation is not enough to ensure that decisions respect the 
principles of Sustainability, highlighted in Chapter One. There is a requirement for 
value judgements within decision-making, particularly when the issue is contentious - 
such as those concerning radionuclide species. There is no completely scientific and 
objective means of striking a balance between environmental and other 
considerations. As highlighted in Chapter Two, many problems regarding decision- 
making in industry arise from the application of single decision-maker procedures to 
multiple decision maker problems. However, there is a fundamental problem of a 
single decision-maker attempting to aggregate individuals' preferences during social 
decision processes, with the intention of deriving a group preference for a single 
course of action. Thus, to use technical analysis and analytical models, such as Cost- 
benefit Analysis (CBA), as the basis for decision-making in isolation fails to deal 
adequately with the important questions of value, which are often crucial to decisions. 
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Consequently, Chapter Five investigated the evolution of environmental risk 
management. It was highlighted that the field of risk communication in particular has 
developed extensively over the last twenty years from a 'scientific' or 'objective' 
approach to risk communication (i. e. the technocratic approach) to a process that 
gives consideration to the social factors of risk communication. It is highlighted that 
different risks arise out of different social contexts and theref6re have different social 
meanings, which often invalidates simplistic comparisons between the statistical 
probabilities of different events; e. g. eating a brazil nut compared to living next to a 
spent nuclear fuel reprocessing facility. Consequently, because people generally have 
only broad basic values, for issues of any complexity and novelty, including those 
concerning the environment, it is argued that what is required are instruments that 
help individuals to 'construct' value judgements through reasoned dialogue and 
argument about evidence and different points of view. These findings reinforce the 
arguments raised in Chapter Two concerning the need for effective non-monetary 
valuation of the environment, and how such valuations should be factored into a 
suitably robust decision-making process. 
In response to the RCEP's call to develop more socially intelligent approaches for 
environmental decision-making, the neo-classical economics (i. e. Cost Benefit 
Analysis (CBA)), decision support (e. g. Multi-Criteria Analysis (MCA)) and 
deliberative and discursive (deliberative decision-making) approaches for identifying, 
measuring and comparing the 'values' of environmental assets were investigated. It 
was established that those that-involve a wide diversity of stakeholders and citizens 
within a deliberative environment are the most effective because they limit the misuse 
of science and clarify the level of uncertainty in scientific assessments and economic 
analysis. It was proposed that MCA. approaches in particular would be helpful 
because they respect the environmental components of decisions addressed in Chapter 
Two whilst, integrating the wider business and social components, necessary for 
sustainability decisions, within a structured decision-making framework. 
7.4 Multi-Attribute Decision Analysis (MADA) Workshops 
The application of the thesis developed through the previous chapters of the portfolio 
was illustrated in Chapter Six through conducting a research application of a 
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deliberative approach to environmental decision-making. 'The BNFL Decision- 
making Methodology (DMM), which appears to be heavily based on the Multi- 
Attribute Decision Analysis (MADA) approach, was used to structure decision- 
making; the socio-technical system was addressed by running the workshops in a 
Decision Confercricing environment. The workshops represented the first application 
of Decision Conferencing coupled with LCA information for environmental decision- 
making within the UK nuclear sector. Overall the workshops have provided a 
valuable and non-threatening environment for the exchange of ideas and opinions 
about the role of LCA information and stakeholder integration within environmental 
decision-making. The study has provided evidence to support the claims made in the 
literature reviewed in Chapter Five regarding the application of MCA approaches 
within more deliberative environments. Furthermore, this research is an example of 
how LCA information can effectively be incorporated into environmental decision- 
making processes through adopting a MCA approach and how stakeholder 
involvement can be used to test understanding regarding decision-making. It has 
demonstrated that stakeholders can make a positive contribution to the development 
of decision-making methodologies. 
7.4.1 Decision Conferencing and Stakeholder Integration 
Although the Decision Conference workshops outlined in Chapter Six were simplified 
(i. e. because of the constraints placed upon the exercise) it is felt that the approach 
could more than adequately structure a wide variety of controversial and complex 
decision-making problems. Consequently, it is recommended that MADA, using the 
process of Decision Conferencing, be used within BNFL, and industry more 
generally, to structure ddcision-making activity in the future. The technique was 
applied because the literature asserts that: it represented key perspectives on the issue 
in question; it has a strong theoretical grounding in Multi-Attribute Utility Theory 
(MAUT) and can articulate across ecological, social and economic values; it is based 
on an iterative process with multi-way communication and has the ability to deal 
effectively with the 'construction' of values; it is an established technique for 
structuring and solving a wide variety of decision-making problems; it applies 
computer modelling to allow participants to try different judgements without 
commitment, and, often reveals higher-level perspectives that can resolve differences 
in individual views, and through sensitivity analysis shows agreement about the way 
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forward in spite of differences of opinion 'about details. The workshops have 
confirmed these assertions. 
The Decision Conferences were designed to represent all key perspectives on the 
issue in question and they have demonstrated that different groups of people can view 
the same issue from completely different perspectives; this was demonstrated at a 
number of stages during the decision-making workshops, but most obviously at the 
scoring and weighting of attributes. Some of these differences were resolved through 
discussion whereas others were 'parked' and then addressed later during sensitivity 
analysis to see if they had an impact on the overall output. These findings broadly 
support the literature, Which states that MADA coupled with Decision Conferencing 
can support groupdecision-making without the need for prior consensus. 
This research'also reinforces the assertion that a broad range of stakeholder views, 
when involved in all stages of the dccision-making process, achieves more informed 
and accountable decision-making, because it provides increased assurance that all 
issues of legitimate concern have been addressed, improves trust because decision- 
making is more open and transparent, promotes good relations, and avoids potentially 
costly delays later in the decision-making/implementation process by' addressing 
conflict earlier. Nevertheless, although the benefit of stakeholder involvement in 
d6cision-makin'g has been demonstrated to BNFL there are a number of issues which 
need to be acknowledged and addressed by BNFL before they attempt stakeholder 
integration into decision-making in earnest. It is recommended that BNFL develop 
guidance in collaboration with stakeholder groups who have a potential role in future 
BNFL decision-making, on: 
Developing the methodology used for decision-making, because stakeholders need 
to accept the methodology being used for decision-making before they 'commit to 
a process; 
9, Developing effective facilitation to ensure all parties involved in decision-making 
view the decision-making process as legitimate; for 'in-house' decisions BNFL 
need to develop an appropriate decision support service (i. e. procure MADA 
software and train, internal BNFL facilitators), whereas for decisions where 
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stakeholders contribute it is recommended that the facilitation and MADA 
expertise of an independent body, such as the Environment Council, be employed; 
* Defining when, how and on what types of decisions stakeholders should be 
involved; stakeholders do not wish to be involved in every decision and BNFL, in 
isolation, cannot decide which decisions stakeholders are/are not to be involved; 
9 Selecting a comprehensive and balanced group of stakeholders for decision- 
making; ensuring that only those stakeholders with a 'proper' stake in decisions 
are involved in decision-making 135 
However, it is important to re-emphasise the definitions outlined in Chapter Two 
regarding the term 'proper' stakeholder': i. e. it includes those that have a stake and 
are aware of it, those that have a stake and are currently unaware of it; those with 
stake who don't care, and those who are inaccessible (i. e. those who are not yet born 
or those who cannot attend/voice their opinion). 
7.4.2 Effectiveness of DMM for Structuring Decision-making Processes 
Using the BNFL DMM to structure the decision-making workshops made it possible 
to test the effectiveness of the approach as a decision structuring framework. As a 
result a number of comments and recommendations, specific to the DMM, and more 
generic to MCA approaches, can be made. 
it is important that the 'Establish Decision Context' stage of decision-making be 
given full consideration because the decision scope and objective cannot be 
determined without a comprehensive understanding of the technical, economic and 
social factors which frame decisions. Without such comprehensive understanding of 
the decision subject, the opportunity exists for ambiguity to be introduced at the 
framing stage of decision-making, which then compromises the remainder of the 
study. Also, when establishing the decision context timescales and resources 
necessary for decision-making must be recognised; restrictions imposed on the time 
135However, it should also be noted that the concepts of sustainable development and the application of 
life cycle assessment (LCA) also suffer from the same problems; i. e. they introduce stakeholders who 
are distanciated in time and space from the decision. 
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available for decision-making will adversely affect the decision-making process and 
impact upon the outcome. 
If restrictions are imposed upon the scope of decision-making, these will at best be 
highlighted and at worse rejected. Consequently, it is important that where 
restrictions are imposed they are first clarified and agreed with all involved parties. 
For example the 'Identification of Options to be Appraised' and screening stages 
should be transparent and involve stakeholders where appropriate - any process that 
seeks to gain credibility must allow scrutiny either of all options or at least the process 
of elimination that led the limited range of options to be considered. 
The potential for primary criteria and measurable attribute vagueness to be introduced 
into decision-making should be respected when 'Identifying and Defining Assessment 
Criteria'. It is recommended that criteria and attributes are not prescriptively pre- 
determined for each decision-making situation because their definition should be the 
result of debate between all parties involved in the decision-making process that 
facilitates the sharing of values. As a general rule any assumptions'made in decision- 
making, not solely those associated with primary criteria and measurable attribute 
definitions, should be clear and unambiguous such that all participants understand 
them. Furthermore, adding components at a later stage (e. g. those that contain a 
socio-political element) has the potential to adversely affect the status of attributes 
selected at this stage of decision-making; see 'Assess the Potential for Decision 
Conflict'. 
When ýAssessing Options' it is important that the potential complexity of the MADA 
process is 'appreciated and the application's strengths and weaknesses are 
acknowledged. , Furthermore, the independence of information used for 'Assessing 
Options'- is also important and all involved parties should be able to contribute 
information and be given the opportunity (i. e. resources and time) to scrutinise all 
other information being used in decision-making. It is vital that BNFL ensure that 
sufficient time and resources are available to accurately and unambiguously establish 
the decision context and define the criteria/attributes. 
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When 'Presenting the Results' it is important to 'Apply Sensitivity Analysis' to allow 
variations in perspectives and perceptions to be tested which helps indicate the 
reliability of the estimates of total value, and identify preferred options. Sensitivity 
analysis quickly determines which are the most significant indicators in terms of their 
impact on the robustness of the decision and more effort may be allocated to reducing 
associated uncertainties. This exploration of the decision-making process can be as 
valuable as the identification of a preferred option, since it shows why it is preferred 
and the effect of alternative assumptions. It may also reveal misunderstandings, or 
peculiar performance scores, which would be worth revisiting. As sensitivity analysis 
promotes transparency, it is crucial to securing wider 'buy-in' to decisions from those 
not party to the decision-making process. Consequently, it is recommended that the 
final results of a decision should be presented, in a transparent manner, alongside the 
various sensitivity analyses applied in reaching the decision outcome. 
Within the BNFL DMM the Balance Sheet is applied to 'Assess the Potential for 
Decision Conflict' by integrating the socio-political factors into decision-making. The 
Balance Sheet represents a contentious component of the DMM and is not an 
intelligent approach to environmental decision-making. It is recommended that the 
approach be avoided and BNFL give more consideration to how socio-political factors 
can be effectively integrated into decision-making. The findings from this portfolio, 
which broadly support the assertions made in literature, are that the only manner in 
which technical and economic components are effectively integrated with socio- 
political factors in decision-making is to have stakeholder representation throughout 
the decision-making process. Coupled with these, issues are those associated with the 
application of aggregation techniques such as such as CBA. It is highlighted within 
Chapters Two and Five that these techniques have the potential to obscure 
transparency, can be socially unacceptable and may undermine the robustness of the 
decision-making process and subsequently the decision outcome; the findings from 
the decision conferencing workshops support these assertions. Put simply, common 
denominator/aggregation techniques should not be applied in the misguided belief that 
they simplify decision-making. Whilst it is appreciated that the integration and level 
of detail is dependent upon the type of decision being made, there is a need for BNFL 
to consider how the technical and socio-political component can be integrated at the 
framing stage of decision-making. However, if BNFL persist in the application of 
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aggregation techniques, and it is strongly suggested that they should not, their use 
should be agreed and clarified with all involved parties, including, where relevant, 
stakeholders. All components of sustainability (i. e. environmental, economic and 
social) should be considered at the same stage of decision-making. 
7.4.3 LCA Information for Environmental Decision-making 
This research has identified that the application of LCA in MCA can positively 
influence the decision-making process which in turn enhances the quality of the final 
decision because it: helps to clarify the decision context; expands the boundaries of 
the system under consideration; makes the boundaries of the decisions much more 
explicit; supports the scoring and weighting of environmental attributes; makes the 
final decision arrived at more transparent; and, as a result, adds confidence to the 
decision outcome. Therefore, it is recommended that the application of LCA for 
environmental decision-making be developed. However, whilst it is recommended 
that life cycle thinking should be universally applied, there is a need for guidance on 
the role and application of I-CA for decision-making within BNFL. It is proposed that 
stakeholders should be involved in all stages of the technique's application to ensure 
that the decision ultimately arrived at is legitimate, and they should also be involved 
in developing the guidance that governs the application of the technique in decision- 
making. 
7.5 Further Development of This Work 
One of tile common complaints rcgarding the application of LCA relates to the data 
collection and processing requirements and tile 'perceived' complexity of tile models 
required in some circumstances. In order to promote the application of life cycle 
approaches within industry it is proposed that 'Environmental Scorecards', see Figure 
7.1, be produced which list the key impacts resulting from activities at particular sites. 
Such an approach is similar to that adopted within tile European Union (EU) for 
Environmental Product Declarations (EPDs)1 36,137. An EPD is defined as 'quantified 
1"' In February 2001, the Furopean Commission published its views on these issues by means of the 
Green Paper on Integrated Product Policy or IPP (Green Paper on Integrated Product Policy, Furopean 
Commission, Brussels 07/02/2001, COM (2001) 68 linal); the white paper is yet to be published. It 
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environmental data flor a product with prc-sct categories of paranictcrs based oil the 
ISO 14040 series of standards, but not excluding additional environmental 
information'. The overall goals of an EPI) is, 'through communication ot'vcrifiablc 
and accurate information, that is not misleading, on environmental aspects ol'products 
and services, to encourage the demand for and supply of those products and services 
that cause less stress on the environment, thereby stimulating the potential tor market- 
driven continuous environmental improvement'. As a result the intent ofall EPD is to 
provide the basis of a fair comparison ot'products oil the basis oftheir ell vi roll mental 
pcrfon-nancc. They can reflect the continuous environmental improvement of 
products over time and provide a means of communicating environmental infion-nation 
about products. This has obvious overlaps with the environmental scorecards 
proposed here. 
Figure 7.1 Example Scorecards for Decis ion-ni a king* 
Sodium Hydroxide (1000kg) 
Extracted Energy (MJ) 4562 
Global Wan-ning (kg C02 eq. ) 4587 
Acidification (kg S02 eq. ) 25 
Ecotoxicity (kg Cr eq. ) 0.22 
Nutrification (kg P04 eq. ) 41 
ILW Drum 
Mass (kg) 1170 
Volurne (M-3 0.50 
Extracted Energy (MJ) 4562 
Global Wanning (kg CO, eq. ) 4597 
'02 eq. ) Acidification (kg ") 25 
The fivures oresented are for illustration oniv. 
focuses on the life cycle of products combined with a strong stakeholder co-operation to identify eco- 
efficient solutions both for the environment and business development. One of the overarching goals 
of IPP is to provide easily accessible, understandable and credible information. EPI)s have been 
developed to meet the growing need on the market for lille cycle-based environmental information 
including aspects covering all product litle cycle phases from raw material acquisition to final ", aste 
disposal. 
13' There are three types of environmental product declarations: type, 1,11, and Ill. Type I I*, PDs (ISO 
14024) are third-party labelling schemes which adopt life cycle thinking and are subject to mandatory 
certification by a private or public accreditation institution. Fxaniples include the German Blue Angel 
and European Eco-Label. Type 11 EPDs (ISO 14021) are self-made environmental claims which 
describe, usually single, specific environmental characteristics. The approach also adopts life cycle 
thinking and the manufacturer usually issues certification. Examples include the energy consumption 
of washing machine, microwaves, etc.. Type III I-PI)s (ISO 14025) are quantitative environmental 
declarations based on life cycle assessment performance data. They are subject to mandatory third 
party validation, and certification is possible by a private accredited institution. Lxarnples include the 
Swedish HID and the Dutch MRPI (Milieu Relevante Product Itit'orniatic (Environmental Relevant 
Product Intbrination)). 
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The benefits of such an approach lie in providing quantitative and verified 
descriptions of the environmental performance of materials from a comprehensive life 
cycle perspective. Specifically, they provide information which is objective (due to 
the requirement that scientifically accepted and valid methods are used for LCA); 
non-selective and neutral (due to the absence of valuations and predetermined' 
environmental performance levels that must be met); and flexible (since the contents 
of an EPD can be amended as necessary and as required by the company/organisation 
after due'external review and verification) for decision-making. For those using the 
information, EPDs can be used as source information in conjunction with the 
requirements for evidence based -and comparable environmental information for 
decision-making. Specifically EPDs are: comparable (since the information in the 
declarations is collected and calculated based on common harmonised calculation 
rules); credible (due to the requirements on inspection, review, approval and follow- 
up by an independent verifier); and continuously up-dated (due to the requirements 
concerning routines for documentation and follow-up procedures 138 
As such quantitative information about the environmental performance of products 
and services could be of use'to a wide range of stakeholders, its application is likely to 
accelerate the Company's, ', and their stakeholders', awareness about life cycle 
enviromnental issues and accelerate the acceptance of what is typically considered a 
complex procedure. The generation of such environmental scorecards should not be 
an arduous task as, for example, the Sellafield site uses a limited number of materials 
and chemicals, many of which are used in numerous industrial activities, and the 
waste streams produced from major facilities are typically routine. The scorecards 
would reduce, the data collection requirements for simple studies - they could be 
stored in -a central library for example - and also reduce the need for computer 
software application. However, it is suggested that such an approach should not 
replace the more detailed LCA studies required in some circumstances. One potential 
caveat to be aware of relates to the confidentially issues which may arise when such 
information is used with external stakeholder groups. 
139 Summary of EPD benefits taken from www. environdec. com. 
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Another beneficial aspect of adopting the above approach, and LCA more generally, 
for decision-making using Decision Conferencing is that the LCA impact categories 
(e. g. GWP and ODP) could be factored directly into MADA decision structuring 
frameworks. However, there are difficulties associated with the use of life cycle 
impact assessment categories within the MADA framework and the results generated 
by LCA may not be sufficiently meaningful for the MADA process because: 
primarily, the conventional LCIA impact categories may not always correspond to 
issues of concern to the de0sion-makers; secondly, some burdens are double counted 
within the impact categories, which can lead to non-rational decision-making since 
some criteria will have an inflated influence in the decision; and, thirdly, there are 
issues associated with the interpretation of the result generated through the application 
of LCA. The first problem relates directly to the information required to make a 
decision and the data available from an LCA study. The second, highlighted within 
the ISO standards (ISO, 2000), relates to the occurrence of double counting of 
impacts, particularly with regard to parallel and serial mechanisms 139 whereby an 
impact can be assigned to a number of different impact categories. This issue of 
double counting has been encountered in previous research, carried out by Elghali 
(2002), which combined LCA with MADA. Within Elghali's study the prevention of 
double counting of environmental criteria was addressed through allowing the 
decision-making group to develop the assessment criteria. Such an approach allowed 
the evaluation of environmental affects specific to the decision context, rather than 
assuming the same assessment was required independent of context. Based on the 
findings in Chapter Six it is recommended that such an approach be applied more 
commonly. The third effect is a consequence of LCA results meaning very little to 
decision-makers when they are presented in their standard form. Consequently, as 
with the metrics that are used for communicating the significance of radiological dose 
(e. g. miles flown, brazil nuts consumed or x-rays taken), it is suggested that similar 
metrics should be developed for the communication of impacts within LCA categories 
(e. g. energy consumption in terms of bars 'burning' on an electric fire(s) and C02 
released conveyed in miles driven in a conventional car). However, there are issues, 
139 Parallel mechanisms arise where material(s) can contribute to more that one impact category (e. g. 
sulphur dioxide (S02) can be assigned to both the Human Health and Acidification categories) whereas 
serial mechanisms are those where material(s) can have successive effects (e. g. oxides of nitrogen, 
NO., may be assigned to Summer Smog formation and Acidification). 
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many controversial, associated with the application of such metrics and the problems 
associated with midpoint and endpoint analysis 140 . When applying midpoint analysis 
the likelihood and consequences of the impacts are not quantified or forecast - an 
advantage in many decision-making arenas as it increases the transparency of the 
decision, an important aspect of the decision-making process discussed in Chapters 
Two and Five. - Based on the findings in this portfolio, -which support the literature, 
endpoint analysis should be avoided in environmental decision-making because it has 
the potential to obscure the transparency of the original data provided. As a result if 
such approaches are to be applied their application needs to be clarified, and accepted, 
by all parties involved in decision-Making. Nevertheless, the development of such 
techniques to Communicate results obtained through the application of LCA is an area 
worth further investigation'. 
7.6 Conclusions 
The research set out in this portfolio has supported BNFL's new approach to decision- 
making, and has also identified developments which need to be pursued to improve 
BNFL's decision'processes further. A BNFL-wide environmental decision-making 
forum should be established, through which the development and further integration 
of decision-making methodologies can be progressed in collaboration with their key 
stakeholders. ' Such'a group would be responsible for all aspects of decision-making 
and should collectively develop decision-making guidance for use by the Company. 
In addition, -it is recommended that such a forum should have close ties with external 
bodies (e. g. I the BNFL National Stakeholder Dialogue programme and the Sellafield 
Localliaison Committee) and should closely follow developments made by such 
bodies in the field of environmental decision-making. Not only would the 
impact can be defiried at any point in the cause-effect chain, but a distinction is normally made 
between midpoint and endpoint comparisons. For example, GWPs are a midpoint indicator based on 
an incomplete cause-effect chain description. Thus, in evaluating the contribution of different 
greenhouse gases to climate change, the GWP compares the time-integrated radiative forcing of the 
gases, not the damage caused by climate change. The connection between the midpoint, radiative 
forcing, and the endpoints (e. g. rising sea level and changes in biodiversity) is presumed to be the same 
for all gases because they are assumed to act according to the same mechanism. Conversely, endpoint 
analyses, for example Cost-benefit Analysis (CBA) and Disability Adjusted Life Years (DALYS), 
which attempt to aggregate impacts into common units can be criticised because, as discussed 
extensively in Chapter Five, they conceal the assumptions and information used in the decision-making 
process and therefore ultimately reduce the transparency of the final decision. 
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establishment of such an environmental decision-making forum enhance decision- 
making practices within the Company, but it would also enhance the development of 
trust between the Company and stakeholder groups and would demonstrate the 
Company's commitment to Corporate Social Responsibility (CSR). 
In summary, the initial aims of this portfolio have been met through the development 
and application of a comprehensive decision-making framework for use within the 
nuclear sector. Not only has such a framework investigated the technical and 
scientific component of environmental impacts associated with nuclear abatement 
activities, it has also explored the social aspects of environmental decision-making. 
This portfolio has demonstrated that, in addition to the impacts posed by 
radionuclides, there are other more significant impacts created by other activities in 
the life cycle; LCA ensures that the entire life cycle impacts posed by an activity are 
considered, including both radiological and non-radiological impacts. Furthen-nore, 
the research application of a more deliberative approach represents a significant step 
in the evolution of decision-making within the nuclear industry; i. e. moving away 
from the technocratic approach. This research has not only provided BNFL with 
invaluable information on decision-making, but it also represents a significant 
contribution to knowledge with regards to the innovative application of more 
deliberative approaches to environmental decision-making. It has prepared the 
ground for further research into the role that LCA can play within Decision 
Conferencing environments. As a result it is recommended that Decision Conferences 
with MADA be used more widely to structure environmental decision-making. The 
output from this research should contribute to several fields of current interest, 
including the use of LCA for decision support. 
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Disability Adjusted Life Years (DALYs) 
The impact assessment calculations of the Damage Based Assessment methodology 
address the stochastic effects of low level radiation in terms of fatal and non-fatal' 
cancer and hereditary effects. The severity of these different health effects is 
weighted by applying the Disability Adjusted Life Years (DALY) concept (World 
Bank, 1993). The approach measures the burden of a disease and reflects the total 
amount of healthy life lost to all causes whether from premature mortality or from 
some degree of disability during this time period. Years lost from premature 
mortality are estimated with respect to a standard expectation of life at each stage. 
Years lived with disability are translated into an equivalent time loss by using a set of 
weights which reflect reduction in functional capacity, with higher weights 
corresponding to a greater reductions. In both cases the time spent in the state is 
adjusted using a set of 'value' choices which weigh different time periods (e. g. 
discounting future damages) and time lived at different ages differently (e. g. society 
may assign different weightings to different social groups; e. g. children, adults, 
elderly). However, each section of the assessment involves uncertainty in the choice 
of models, statistical variations in the sample, and variability of the parameters. In 
order to assess the variation in the assumptions made, cultural theory is applied in 
order to enable value-compatible scenarios. The theory describes five ways of life 
(hierarchist; egalitarian; fatalist; individualist; and autonomous) that are viable 
combinations of cultural biases and social relations and refer to shared values and 
beliefs. Using this approach different factors are generated depending upon the 
intergenerational responsibility and the valuation of future needs and resources given 
by the different groups classified according to cultural theory. With these 
assumptions damage factors have been calculated by multiplying the exposure, effect, 
and DALY factors; these damage factors are compatible with the damage-orientated 
impact assessment method Eco-indicator 99. 
However, there are numerous conceptual and technical drawbacks relating to the 
application of DALYs and Cultural theory to environmental decision-making, and the 
assumptions and value judgements are open to serious question (For a more extensive 
discussion of these points see Anand & Hanson (1997) and Banner (1999)): 
0 The approach reduces environmental impacts to single score, with an obvious 
information loss in reducing death to simply another health impact. 
The implications of discounting and age weighting are found to be unacceptable. 
The burden that is measured fails to recognise individuals' differential ability to 
cope with their functional limitation; burdens on family/friends/society are not 
reflected. . The standardised life expectancies used in the methodology are considerably 
higher than the level of life expectancy currently achieved in many countries; 
further,, other non-health circumstances affect life expectancy and these other 
socio-economic determinants of health need to be recognised. 
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" Disability weights are captured within six disability classes, which have been 
chosen by a group of independent experts. However, the meaning attached to the 
different weightings of health states depends on the precise questions asked of 
experts. 
" Although DALYs are aggregated across individuals, problems caused by co- 
morbidity (i. e. an individual experiencing multiple illnesses) are not adequately 
dealt with within the framework, which can lead to an overestimation of the total 
disease burden. 
" DALYs are prejudiced against disabled persons; e. g. a treatment which enables a 
person in a wheelchair to live longer prevents fewer DALYs than the same 
treatment given to a perfectly healthy person. 
With regard' to cultural theory, Hofstetter (1998) has analysed the problem of 
modelling subjectivity thoroughly. However, although the theory is a very valuable 
technique for explaining people's attitudes, the application of the approach for the 
determination of scenario related impact is contentious. For example, some 
researchers are optimistic that cultural theory can add something to the understanding 
of public perception of technological risk, while others believe it is more of a trend 
that may appear interesting owing to intuitively perceived common sense but which is 
of little practical relevance (Ufstedt & Frewer, 1998). Furthermore, almost nobody 
actually conforms to the viewpoints of a single group in a consistent way as people 
often, switch' between different attitudes - dependant on their context, making 
predictions regarding risk perception derived from membership of one group difficult. 
This is especially true in high dread and unknown risk situations, such as those 
surrounding nuclear activities (Slovic, 1987). Thus, the adoption of the cultural 
theory approach for value determination is of little benefit. In light of these 
arguments the Damage Based Assessment methodology is of limited value in 
environmental decision-making, and has therefore not been used in this research. 
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Factors/Parameters Considered in LADRR & MDRR 
Long-term Aerial Discharge Release Ratios 
Factor/Parameter LADRR methodology Comments 
Dispersion Model NRPB-R91 with twelve 30-degree sectors 
Weather categories Categories A to G each with a probability of 
occurrence based on site-specific data 
Wind rose Multiplier of 1.2 used to account for the SeeJohn(1997) 
uneven windrose experienced at 
Sellafield/Drigg 
Plume depletion Both wet and dry deposition depletion - NRPB-R122 methodology 
Radioactive decay Yes 
Dry deposition Yes, using NRPB-R122 methodology For a full description refer 
to John et al. (2000) 
Deposition velocity Noble gases 
3H 
and 
14C: 0.0 msý' 
Halides: 10-1 rn 8ý1 
Particulates: 10-1 m 8ý1 
Wet deposition Accounted for using the NRPB-R 122 For a full description refer 
methodology to John et al. (2000) 
Washout coefficient 10-4 g-1 Based on a precipitation 
rate of I min If 1 
Fraction of time wet 0.1 Relevant only to stability 
categories C and D 
Effective height and Effective stack heights are used to account 
building effects for building effects, efflux heat, buoyancy, 
momentum and efflux velocity. 
Critical group distance 1000 metres for Sellafield Derived from local habit 
500 metres for Drigg survey data (McKeever, 
1993) 
Food production 1500 inetres for both Sellafield and Drigg The average distance to 
distance local farms 
Age group The most limiting of adults, children (10 Three sets of tables are 
years old) or infants (I year old) is assumed provided 
Dose units CED (ICRP, 199 1) with units of Sv per year 
per TBq per year discharged (Sv Y1 per TBq 
Dose pathways Inhalation, Resuspension, Ingestion, Immersion and skin doses 
External exposure from deposited material, from noble gases only 
Immersion, Skin 
Inhalation doses The product of air concentration, breathing 
rates, the dose conversion factor and 
resuspension. 
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DPUI inhalation ICRP 72 values (ICRP 1996) - Dose per unit intake 
Breathing rates 19.9 
_3 -3-1 Adults III U 
15 6 3 d-1 
NRPB-M636 values from 
. m Children 5 2 m3 d-1 
Robinson (1996) 
. Infants 
Occupancy A conservative occupancy factor of 1.0 is 
assumed for all age groups 
Fraction of time spent Adults 0.66 Habit survey data from 
indoors Children 0.87 McKeever (1993) 
Infants 0.89 
Resuspension' A resuspension multiplier of 1.000 1 is used Updated from NF0082/18 
for all nuclides except noble gases, 14C and issue 9 Goshawk (1999) 3H 
Cloud gamma dose The sum of indoors dose (with shielding) For noble gases only. 
and outside dose (without shielding). A 
factor for the departure from semi-infinite 
plume is employed, and account is taken of 
occupancy 
Skin dose 1% skin dose is included 
Cloud dose per unit air ICRP 72 values (ICRP 1996) 
concentration 
Cloud shielding factor 0.2 See Simmonds et al (1995) 
Departure from semi- Ai 0.6 See John et al (2000) 
infinite plume Kr (<I km) 2 
Kr (>I km) I 
Deposition gamma The sum of indoor dose (with shielding) and 
dose outdoor dose (without shielding). Account is 
taken of occupancy. 
Dose per unit NRPB-DLIO (1986) Integrated over 50 years 
deposition 
Deposition shielding,,, 0.1 See Simmonds et al (1995) 
factor 
Ingestion dose Equilibrium model assumed, I with 9 Foodstuffs included: milk, 
foodstuffs taken into account. Note that for beef, mutton, offal, green 14 C and 3Ha specific activity approach is vegetable, root vegetable, 
used. fruit, poultry and eggs. 
Dose per unit ingestion ICRP 72 values (ICRP 1996) 
Consumption rates For adults and children mean critical group See Stewart et al (1990) 
habit survey data is used. For infants a for habit survey data and 
mixture of habit survey data and generalised Byrom et al (1995) for 
dated are used. generalised data. 
Transfer factors Taken from the NRPB FARMLAND model See Mayal et al (1997) and 
Simmonds et al (1995) 
14C multiplier 2.3 A multiplier to take 
account of sea-breezes and 
other effects. 
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Marine Discharge Release Ratios 
Factor/Para meter LADRR methodology Comments 
Normaliscd activity ' The NAC values (Bq kg" per TBq Y') are Specific CFs for the 
concentrations (NAC) calculated using the CUMBRIA 77vl. 3 (L) model Cumbrian coast have 
to determine seawater concentrations and been derived from 
concentration factors to give the radionuclide Lyons(1999). 
concentrations in biota. 
Age group Adults only 
Dose units CED (ICRP, 199 1) with units of Sv per year per 
TBq per year discharged (Sv Y' per TBq Y) 
Critical group habits West Cumbria critical group See Lyons and Vives 
Fish 28.4 kg y" Lynch(2000) 
Lobster 3.5 kg y" 
Crab 7.4 kg Y" 
Winkles 7.4 kg 
Other molluscs 2.7 kg 
Over Winkle beds (sand /rock) 110 0 hr yý' 
Dose per unit ingestion ICRP 72 values (ICRP, 1996) 
Gut transfer factor 213-04 for Pu and Am consumed in winkles 
513-04 for actinides in other seafood 
Worst case for other nuclides 
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THORP 14 C LCA Audit Trail 
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be E3205 Carbon 14 Removal - Design Basis Process Flowsheetspreac 
Stream 
Description 
Component Units 
A 
DOG Feed 
B 
Ba(NOý2 
C 
BaC03 Prelim 
D 
Na. 'C03 
E 
BaC03 Final 
F 
Permeate 
G 
Unwashed COW 
25% w/W 
NaN03 kg 15522 0.00 393.85 0.00 441.58 432.52 9,07 
HN03 kg 0.00 0.00 0.00 0.00 0.00 0.00 0.001 
NaOH kg 1 898.40 0.00 898.40 OM 898.40 .1 
-879-96 -18.451 
NaN02 kg 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
N32CO3 kg 148.80 0.00 0.00 59.52 29.76 29.15 0.61 
Ba(NO3)2 kg 0.00 439.66 73.28 0.00 0.00 0.00 0.00 
82CO3 kg 0.00 0.00 276.54 0.00 331.85 0.33 331.52 
H20 kg 36498 8363 44851 2220 47071 46105 966 - Total weight kg 132 6 
BFS kg 
OPC kg -00-0 
PFA kg 
C14 MBq 4.57E+05 O. OOE+-00 '4.57E+05 O. OOE+DO 4.57E+05 4.57E+02 4.57E+()5 
Nbgs MBq 4.97E+02 O. OOE+00 4.97E+02 0.00E+00 4.97E+02 4.97E-01 4 97E+02 
Zros MBq 4.09E+02 O. OOE+00 4.09E+02 O. OOE+00 4.09E+02 4.09E-01 4 09E+02 
Rujo3 MBq 8.02E+01 O. OOE+00 8.02E+01 0.00E+00 8.02E+01 7.86E+01 1.65E+00 
Rujos MBq 2.73E+03 O. OOE+00 2.73E+03 G. OOE700 2.73E+03 2.67E+03 5 60E+01 
SbIn MBq 1.56E+CX O. OOE+00 1.66E+04 O. OOE+00 1.56E+04 1.56E+01 I 56E+04 
1129 MBq M B q 2.25E+03 O. OOE+00 2.25E+03 O. OOE+00 2.25E+03 2.20E+03 4 61E+01 
IM M183q M q 2.64E+03 O. OOE+00 2.64E+03 O. OOE+00 2.64E+03 2.58E+03 s. 41E+01 
C9134 MBq MEB q 6.14E+02 O. OOE+00 6.14E+02 O. OOE+00 6.14E+02 6.01E+02 1.26E+01 
C 'a 9137 MB Mq MBq Bq 2.30E+03 O. OOE+00 2.30E+03 O. OOE700 2.30E+03 2.25E+03 -4 72E+01 
C*0144 MBq 7.06E+02 O. OOE+00 7.06E+02 O. OOE+00 7.06E+02 7.06E. 01 1.0515+02 
' 
k 
jotal -a[ ;1 pha T M MBq 1.68E+03 O. OOE+00 1.68E+03 O. OOE+00 1.68E+03 1.68E+00 --'- 1.68E+03 Total beta M M 4.85E+05 O. OOE+00 4.85E+05 O. OOE+OO 4.85E+05 IT-. 09E+N -4.74E+05 
T Total beta5 MB MB 
total alpha conc. ým Bq/m' 4.41 E+07 O. OOE+00 3.74E+07 O. OOE+00 3.56E+07 3. 
UE+04 
1.57E+09 
total beta conc. Bq/m' 1.27E+10 O. OOE+00 1.08E+10 O. OOE+00 1.03E+10 2.34E+08 4. -42&11ý 
Volume mr-- 38.220 8,447 45.008 2.246 47.261 46.425 1.072 
TRal -mass ka 37700 8793 46493 2280 48773 47447 1326 
lDensity kg/m* 1033 1041 1033 1015 1032 
1022 1237 
% Of total 0.00 0-ý00 0.59, 0.001 0.681 0.00 
1 
- 
25.00 
N. B. The basis of this spreadsheet Is the production of a4 drum batch of encapsulated product. 
Number or batches per day normal operation: 3 
Number of days for a4 drum batch: 13.4 
Permeate flowrate m3/hr 0.19 
Excess factor for Ba(NO3)2 on food Na2C03: 1.2 
Ba(NO3)2 feed concentration: 0.05 W/W 
Excess factor for Na2CO3 on surplus Ba(NW2: 2 
NaZC03 molarity. 0.25 
Conc. BaCO3 In filtrate wAw. 0.1 % wM 
System volume for washing:, 0.85 M. 
Fractional reduction of dissolved solids on washind I 
Undissolved solids In concentrate: 0.15 % 
Both reactions are 100 complete and occur Instantaneously. 
Wash water Is supplied at the same rate as permeate off take. 
Ail C1 4 comes from the Na2CO3 In the DOG liquor. 
The following nuclides are soluble and are assumed to split as per water 
Ru, 03, RuiooC$134, 
CS137.1129,1131- 
The following nuclides are colloidal and split as per BaCO3: NbKZrK Sb12k 
COW- 
Total alpha count comes from colloidal nuclides and so splits as per BaC03- 
BFS Blast fuma(v slag 
OPC Ordinary Portland CemOnt 
PFA PuKvdsad fly ash 
To be read In conjunction with 
Process Flowsheet Diagram 31SE/163 
ýO 14 Removal 
ýflowsheet Spreadsheet 
G 
Inwashed Conc 
25% wtw 
H 
Unwashed Conc 
WL % 
I 
Washed Solids 
25% wtw 
i 
Combined Permeates 
ý K- 
Encapsulation 
Product 
L 
Encapsulation 
Total activity 
TBq/0 
M 
Capping 
9.07 0.68% 9.07 432.52 9.07 9.07 
0.00 
- 
0.00% 0.00 0.00 0.00 0.00 
1875 1.39% 18.45 879.96 18.45 18.45 
0 *00 0.00% 0.00 0.00 0.00 
0.00 
0 . 61 0.05% 0.61 29.15 0.61 
0.61 
00-0 
g 
0.00% 0.00 0.00 0.00 0.00 
1.52 25.00% 331.52 331.52 331.52 
966 72.88% 1850 46105 1850 1932 
1326 t 
2152 2152 
239 264 
74 
4.57E+05 4.57E+05 4.57E+02 4.57E+05 2.43E. 011 4.57E+05 
4VE+02 4.97E+02 4.97E-01 4.97E+02 2.64E-04 4.97! E+02 
4.09E+02 4.09E+02 4.09E-01 4.09E+02 2.17E-04 4.09E+02 
Y 1.65E+00 1.65E+00 7.86E+01 1.65E - +00 8.75E-07 1.65E+00 O 5.60E+01 5.60E+01 2.67E+03 5.60E+01 2ME-05 5.60E+01 
1.56E+04 1.56E+04 1.56E+01 1.56E+04 8.30E-03 1.56E+04 
13 4.61E+01 
5.41E+01 
4.61E+01 
5.41E+01 
2.20E+03 
2.58E+03 
4.61E+01 
5.41E+01 
2.45E-05 
2.87E-05 
4.61&011ý 
5.41E+01 
1.26E+01 1.26E+01 6. OIE+02 11.26E+01 6.69E-06 1.26E+01 
4.72E+01 2.25E+03 4.72E+01 2.51 E-M 4.72E+01 
7.05E+02 7.05E+02 7.06E-01 7. O5F+'o2 3.75E. 04 7.05E+02 
A 1.68E+03 1.68E+03 1.68E+00 I-. -68F+03 1.68E+03 1.68E+ 
, 
03 
4.74E+05 4.74E+05 1.09E+04 4.7-4E+05 2.52E-01 4.74E+05 
)4 1.57E+09 9.42E+08 3.63E+04 8.94E+08 6.21E+08 
)8 4.42E+II 2.65E+II 2.34E+08 2-52E+I I 1.75E+II 
1.072 1.787 46.425 - 1.882 2.708 
ill 1326 2210 47447 4601 4782 
1237 1237 1022 1775 1766 
25.001 15.00 0.00 7.21 1 1 
_6.93 
Project no.: AH076 
SRO: Sellafield 
Discipline: Process 
Building no- B275 
IBE Ltd. Projecl no.: I C1907 
Drawing: 3ME/1632726 
Mod.: B 
ýONQIICItlon with 
Produced by* J. Bradshaw I D. Boardman 
)1804krn 3/BE/1632727 
Chocked by- D. Wells 
[Approved KJohnson 
Encapsulation product volume changed to show unwashed conc. + powder volume added 
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THORP Fuel throui! hDut for WEP CaMDaiLn 18 
Date Throughput Campaign FuelType 
(Tonnes) 
16/09/98 5.056 Tepco, BWR 
17/09/98 5.047 
18/09/98 4.31 
19/09/98 3.72 
20/09/98 4.126 
21/09/98 3.567 
22/09/98 3.364 
23/09/98 3.585 
24/09/98 4.905 
25/09/98 4.308 
26/09/98 4.491 
27/09/98 5.248 
28/09/98 5.056 
29/09/98 5.301 
30/09/98 2.635 
01/10/98 3.381 
02/10/98 4.304 
03/10/98 5.042 
04/10/98 4.124 
05/10/98 4.478 
06/10/98 4.315 
07/10/98 4.503 
08/10/98 4.701 
09/10/98 5.473 
10/10/98 1.683 
11/10/98 3.716 Chubu BWR 
12/10/98 4.658 
13/10/98 0 
14/10/98 3.925 
15/10/98 4.467 
16/10/98 1.868 
17/10/98 4.641 
18/10/98 4.452 
19/10/98 4.628 
20/10/98 5 
21/10/98 4.83 
22/10/98 3.75 
23/10/98 4.935 
24/10/98 3.548 
25/10/98 3.148 Chugoku BWR 
26/10/98 5.032 
27/10/98 4.826 
28/10/98 4.108 
29/10/98 4.978 
30/10/98 3.586 
31/10/98 5.253 
01/11/98 4.507 
02/11/98 4.879 
Total 201.458 
Due to discrepancy in the figures provided by THORP Planning (table above) and that given by 
FISPIN Data (199.76 tonne, provided by Hackney, P. ), an average throughput of 200 tonnes is adopted 
within the THORP study. 
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Appendix J 
NUGNOX 14 C Removal and Encapsulation 
Plant Construction 
The MAGNOX Carbon-14 Removal and Encapsulation Plants foundations would be 
supported on a I. Orn thick reinforced concrete raft. The existing ground would be 
removed prior to laying cement bound material to the formation level. A drainage 
system, comprising of two 150mm diameter internal rain water pipes discharging into 
two 150mm. diameter gullies and drains, would collect and discharge surface water. 
The drainage system would be connected with the existing surface water system and 
redundant drains would be isolated and grout filled. 
The building would be approximately I 5.5m wide in the East-West and 18.5m long in 
the North-South directions (there would be an additional stairwell area, approximately 
6.93m in the East-West direction and 3.2m in the North-South directions). The height 
of the building would be approximately 22.7m and the internal layout would be set 
out over four levels (0m, 6m, 11.7m and 16.7m) with the building being divided into 
two areas: the chemical process area, and the drum filling, encapsulating and drum 
handling areas. 
The building superstructure would be a braced structural steel framework supporting 
in-situ reinforced concrete floor slabs. The reinforced concrete floor slabs would be 
cast on a permanent steel framework system. The main floors would be - used to 
support vessels and plant items of plant; vessel platforms would be constructed from 
structural steel frameworks with open mesh flooring and supported off the main 
reinforced concrete floors. The diaphragm action of the floors would be used to brace 
the structure horizontally. A 5000kg crane would be used to lift container lids, drums, 
cement and barium nitrate within the receipt area. 
Two separate steelwork staircases would be installed, one on the north-west side and 
the other on the south-east side of the building to allow access to all levels of the 
building. One stairwell would be for normal entry onto all levels whereas the other 
would act as an emergency escape route from all levels. Landings and treads will be 
fabricated from proprietary floor plate. Rooms would be partitioned and 250mm of 
thick, normal density, concrete block work would be used where shielding is 
necessary. 
A 1000kg goods lift would be provided, for all levels, on the North side of the 
building. The primary use of the lift would be to bring bags of barium nitrate to the 
barium nitrate emptying unit situated on the I 1.7m floor. 
Piping services for the process area would enter the building around the 6m level and 
ventilation plant rooms would be placed on the 11.7m and 16.7m level. Liquid 
discharges would be routed via permeate holding vessel to the SETP alkaline route. 
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Access to the building would be restricted by a borer turnstile system for personnel 
and an electrically operated door for vehicles. 
The current layout has been developed to provide a Class A estimate. Optimisation of 
the internal layout would be required during the detail design. Furthermore, 
infionnation on the majority of internal plant items is not yet currently available; with 
only the mass of 2 items of plant machinery available out of a total of approximately 
225 items. Conscqucntly, it is assumed that the mass of the remaining equipment is 
approximately 100 tonncs (stainless steel) which is manufactured in Shcfficld and 
transficri-ed to the Sellalield Site by road. 
Dimensions of the proposed MACINOX C14 Removal Plant 
2m 
22.7in 
Noilh 
)III 
Infiorniation on the sources of materials proposed for the construction is unavailable, 
as no contracts have been put in place with any external contractors. Thus the 
transportation ot'such materials cannot be included within this study. Nevertheless, 
with the dimensions of' the building it is possible to calculate roughly the material 
consumption fior tile construction of the structure, through adopting some crude 
assumptions, which have been agreed with the plant designers: 
All concrete (excluding internal walls) will include Rebar (steel supporting 
framcwork) at 4%. 
Two internal walls per floor (width 0.3m and height 6m) run North-South 
through the building. 
The foundations have a standard I in depth. 
Flooring depth ofO. 5rn- 
Roofing depth of0.3ni. 
Internal walls width of 0.3111. 
Fxternal walls width of'O. 5m. 
430 
0.93111 15.5m 
.1 
Carbon-14 Removal and Encapsulation Plant Concrete & Steel Superstructure: 
All figures are rough estimates taking into account the size of the building and the 
assumed building materials. 
North-South External Walls 134.64 rn 3ý 18.5m x 0.3rn x 24.26m 
269.29 M3= 134.64m 3x2 
673.22 T -- 269.29 x 2.5 
East-West External Walls 
Main Foundation 
Extra Foundation 
One Floor 
Three Floors 
Main Roofing 
Extra Roofing 
Internal walls (@2 perfloorNS) 
159.39 m3= 21.9m x 0.3m x 24.26in 
318.78 rn 3= 159.39m .1x2 
796.94 t= 318.78rn 3x2.5 
3 277.50 m- = 18.5m x 15ni xIm 
693.75 t= 277.5 m3x2.5 
22.08 m36.9in x 3.2m xI in 
55.20 t 22.08m 3x2.5 
143.38 M3= 15.5m x 18.5rn x 0.5rn 
430.13 m3= 143.38 m3x3 
1075.31 t= 430.13 rn 3x2.5 
3 86.03 m= 15.5m x 18.5m x 0.3 in 
215.06 t= 86.03m 3x2.5 
6.62 M3 = 6.9m x 3.2m x 0.3m 
16.56 t=6.62 m3x2.5 
33.30 m3= 18.5m x 6m x 0.3m 
66.60 M. 3 = 33.30 M3 x2 
266.40 m3= 66.60 M3 x4 
639.36 t= 266.40 M3 x 2.5 
Total Concrete Steel (rebar 4% of 2.5) 140.38t =(673.22+796.94+693.75+ 
55.20 + 1075.31 + 215.06 + 
16.56)/25 
Thus total Concrete -4025.02 t 
Steel 
F'rimarv structural steel 
OBE 1632528) 
Stair cases 
Electrical and ventilation support racks 
= (673.22 + 796.94 + 693.75 
55.20 + 1075.31 + 215.06 + 
16.56 + 639.36) - 140.38 
250 t (all taken from drawing 
18 
5t 
Total steel -413.38 t= 140.38 + 250 + 18 +5 
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Concrete 
It is assumed that the complete building will, use approximately 4025 tonnes of 
concrete. However, concrete is a mixture of materials (i. e. aggregate, sand, water and 
cement) and the standard concrete mixture (British Standard 5328) is used to 
determine roughly the quantity of each material used during the construction process. 
Material Concrete Make Up MAGNOX plant 
(tonnes) 
Water 7.6 305.90 
Course Aggregate 46.2 1859.56 
Fine Aggregate (sand) 33.6 1352.41 
Cement 12.6 507.15 
Concrete 100 4025.02 
Each of these components has been factored into the PEMS 4.5 computer programme. 
However, the burden posed by water cannot be input into the PEMS models as a 'raw 
water' category does not exist; i. e. only, completely softened and de-carbonised water 
are available. Thus it'is likely that the actual impact posed by water usage is 
underestimated. 
Plain Steel 
The mass of steel used to construct the superstructure of the Carbon-14 Removal and 
Encapsulation Plant has been summed from data obtained from drawing OBE 
1632528 at approximatelY 400 tonnes. 
Stainless Steel 
. It is assumed, ' and agreed with the plant's designers, that the mass of stainless steel in 
the building would be approximately 100 tonnes. 
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A Critique of Common Techniques Adopted For 
Cost Benefit Analysis (CBA)1 
CBA is an appraisal of an investment project which attempts to incorporate all social 
and financial costs and benefits accruing to the project in order to evaluate and decide 
whether a proposed decision should proceed; i. e. do the benefits exceed costs. In the 
neo-classical approach environmental effects are intemalised into decision-making in 
the sense of optimal use or Pareto optimality2 in resource allocation. By pricing the 
non-market environmental effects and bringing them alongside market values it is 
argued that it is possible to determine the total economic values. The approaches 
most commonly adopted to achieve this evaluation can be classified under three 
headings: 
" Market based techniques 
" Revealed preference techniques 
" Direct methods 
Market Based Techniques 
Market based approaches include techniques such as* Damage Cost Avoided (DCA), 
Replacement Cost (RC), and the Substitute Cost (SC) Methods. These are related 
methods that are commonly used to estimate values of ecosystem services based on 
either the costs of avoiding damages due to lost services, the cost of replacing 
ecosystem services, or the cost of providing substitute services. The methods are 
based on the assumption that, if people incur costs to avoid damages caused by lost 
ecosystem services, or to replace the services of ecosystems, then those services must 
be worth at least what people paid to replace them. Thus, the methods are most 
appropriately applied in cases where damage avoidance or replacement expenditures 
have actually been, or will actually be, made. The damage cost avoided method uses 
either the value of property protected, or the cost of actions taken to avoid damages, 
as a measure of the benefits provided by an ecosystem. The replacement cost method 
uses the cost of replacing an ecosystem or its services as an estimate of the value of 
the ecosystem or its services. Similarly, the substitute cost method uses the cost of 
providing substitutes for an ecosystem or its services as an estimate of the value of the 
ecosystem or its services. Because these methods are based on using costs to estimate 
benefits, it is important to note that they do not provide a technically correct measure 
Summary of the economic methodologies taken from www. ecosystemvaluation. "r 
Pareto optimality, developed by Vilfredo Pareto (1848-1923), is the most widely accepted criterion of 
economic efficiency. A state of a given system (e. g. a distribution of a given quantity of goods) is 
Pareto optimal, and thus efficient, if and only if there is no feasible alternative state of that system (e. g. 
no feasible alternative distribution of those goods) in which at least one person is better off and no one 
is worse off. 
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of economic value; i. e. the maximum amount of money or other goods that a person is 
willing to give up to have a particular good, less the actual cost of the good. 
These methods all require - the . same initial step '- assessing the environmental 
service(s) provided. This involves specifying the relevant service(s), how they are 
provided, to whom they are provided, and the level(s) provided. For example, in the 
case of flood protection, this would involve predictions of flooding occurrences and 
their levels, as well as the potential impacts on property. The second step for the 
DCA method is to estimate the potential detrimental impact upon the environment, 
over some discrete time period. The final step for the DCA method is to calculate 
either the financial value of potential damages, or the amount that people spend to 
avoid such damage. The second step for the RC or SC method is to identify the least 
costly alternative means of providing the service(s). The third step is to calculate the 
cost of the substitute or replacement service(s). 'Finally, public demand for the 
alternative is established through gathering evidence that the public would be willing 
to accept the substitute or replacement service(s) in place of the ecosystem service(s). 
The DCA, RC, and SC Methods all have a number of positive attributes. Firstly, the 
methods provide a rough indicator'of economic value, subject to data constraints and 
the degree of similarity or substitutability between related goods. Secondly, it is 
easier to measure the costs of producing benefits than the benefits themselves, when 
goods, services, and benefits are non-marketed; i. e. these approaches are less data, and 
resource, intensive than other valuation techniques, such as willingness to pay. 
Finally, the methods provide surrogate measures of value that, are as consistent as 
possible with the economic concept of use value, for services which may be difficult 
to value by other means. 
However', the methods also suffer from limitations. Primarily, the approaches assume 
that expenditures to repair damages or to replace ecosystem services are valid 
measures 
, 
of the 
' 
benefits. provided. Howeve'r, 'ý costs are usually not an accurate 
measure of benefits. Furthermore, these methods do not consider the social 
preferences for ecosystem service(s), or individuals' behaviour in the absence of those 
services. 
The methods may also be inconsistent because so few environmental actions are 
b4Sqd'solely on benefit.; cost comparisons and therefore, the costs may actually exceed 
the benefits to society. " 
, 
Furthermore, it is likely that the cost already incurred to 
protect an "ecological resource will underestimate the benefits of new actions of 
improvement. An addition the RC method 'requires information on the degree of 
substitution 
, 
between the market good and the natural resource where in actuality few 
environmental resources'have such direct or indirect substitutes. Substitute goods are 
unlikely to provide the-same types of benefits as the natural resource, e. g., stocked 
salmon may not be'valucd as highly by anglers as wild salmon. Thus, goods or 
services being replaced may represent only a portion of the full range of services 
provided by the natural resource. 
Moreover, the approaches should be used only after a project has been implemented 
or if society has demonstrated their willingness-to-pay for the project in some other 
way (e. g., approved spending for the project). Just because an ecosystem service is 
eliminated is no guarantee that the public would be willing to pay for the identified 
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least cost alternative merely because it would supply the same benefit level as the 
original service. Without evidence that the public would demand the alternative, this 
methodology is not an economically appropriate estimator of ecosystem service value. 
Revealed Preference Techniques 
Revealed preference techniques are those which aim to use observed behaviour in real 
markets to determine the value of environmental goods. The techniques are indirect 
methods that assume a relationship between environmental goods and marketed 
goods, all other things being equal, for estimating the value of non-market goods, 
which utilise the complementarity of market and non-market goods and studies 
people's behaviour to determine their preferences. There are two distinct approaches; 
the Travel Cost Method (TCM) and the Hedonic Pricing Method (HPM). 
Travel Cost Method (TCM) 
The TCM method was originated by Hotelling (1931), who proposed the basic notion 
of the method to a park service director in 1947. However, it was first used by 
Clawson (1959) for measuring the demand for and value of outdoor recreation 
(Johansson, 1993) but it was not put into practice extensively until the late 1960's, 
and has only reached a more refined state in recent years (Karasin, 1990). The TCM 
is often used to estimate economic use values associated with ecosystems or sites that 
are used for recreation which necessitate significant expenditure for their enjoyment 
(Hanley & Splash, 1993). 
The basic premise of the TCM is that the time and travel cost expenses that people 
incur to visit a site represent the 'price' of access to the site. Thus, people's 
willingness to pay to visit the site can be estimated based on the number of trips that 
they make at different travel costs. This is similar to estimating people's willingness 
to pay for a marketed good based on the quantity demanded at different prices; i. e. 
cost for travelling to the site can be used as surrogate prices. The method assumes 
that the value of the site or its recreational services is reflected in how much people 
are willing to pay to get there. Thus, people's preferences , 
are revealed by their 
choices. The method is relatively uncontroversial, because it is modelled on standard 
economic techniques for measuring value, and it uses information on actual behaviour 
rather than verbal responses to hypothetical scenarios. It is based on the simple 
assumption that travel costs reflect recreational value and is often relatively 
inexpensive to apply. 
The TCM is relatively simple to apply and uses the number of visits from different 
distances from the site, and travel cost from each zone, to derive an aggregate demand 
curve for visits to the site, and thus for the recreational/scenic services of the site. The 
demand curve shows how many visits people make at various travel cost prices, and is 
used to estimate the willingness to pay for people who visit the site. Information is 
collected about the number of visits from each origin, demographic infannation about 
people from each origin, round-trip mileage from each origin, travel costs per mile, 
and the value of time spent travelling. However, it is important to state that other 
factors may also affect the number of visits to a site; e. g. people with higher incomes 
will usually make more trips and if there are alternative sites a person will make fewer 
trips. Additional factors, such as personal interest in the type of site and the level of 
recreational experience. also affect the number of visits. However, these factors can, if 
needed, be incorporated into more comprehensive studies. 
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The technique does pose a number of advantages. Primarily, it closely mimics the 
more conventional empirical techniques used by economists to estimate economic 
values based on market prices. Secondly, it is based on actual behaviour rather than 
stated willingness to pay in a hypothetical situation. Additionally, the method is 
relatively inexpensive to apply and on-site surveys provide opportunities for large 
sample sizes; visitors tend to be interested in participating, Finally, the results are 
relatively easy to interpret and explain. 
The most controversial aspects of the TCM include accounting for the opportunity 
cost of travel time, how to handle multi-purpose and multi-destination trips, 'and the 
fact that travel time might not be a cost to some people, but might actually be part of 
the recreational- experience: Secondly,, only certain' types of sites make good 
candidates for travel cost analysis, so its applicability is bounded. Moreover, those 
who value certain sites may choose to live nearby. If this is the case, - they will have 
low travel costs - but high values for the site that -are not captured by the method. 
Thirdly, - in order to estimate the demand function, there needs to be enough difference 
between distances travelled to affect travel costs and for differences in travel costs to 
affect, the number of trips made. -Thus, it is not well suited for sites near major 
population centres where many visitations may be from a single origin. Vurthermore, 
the'availability of substitute sites will affect'values; e. g. if two people travel the same 
distance, they are assumed -to have the same value. ý However, if one person has 
several substitutes available but travels to this site because it is preferred, this person's 
value is actually higher. 
Additionally,, simple TCMs assume that individuals take a trip for a single purpose - 
to visit a'specific recreational site. However, many recreation sites are visited by 
people who are on holiday for an extended time period, or who stop at the site without 
necessarily making the trip exclusively for the purpose of visiting it. Thus, if a trip 
has more' thýn one -purpose, --. the value of the site may be overestimated. Further 
problems are posed1by defining and measuring the opportunity cost of time, or the 
value of time spent travelling as the time spent travelling could have been used in 
other ways; i. e. it has an 'opportunity cost', which should be added to the travel cost to 
correctly Value the site., However, there is no strong consensus on the appropriate 
measure - the person's wage rate, or some fraction of the wage rate - and the value 
'chosen can have a large effect on benefit estimates. Jn addition, if people enjoy the 
travel itself, then travel time becomes a benefit, not a cost, and the value of the site 
will be overestimated. There is a considerable debate about the value of time in 
reference to recreation studies, and it exceeds the scope of this analysis to address all 
of the issues (Cesario, 1976). 
Finally, the TCM is ý limited in its scope of application because it requires user 
participation., ý It cannot be used to assign values to on-site environmental features and 
functions that users of the site do not find valuable. Furthermore, it cannot be used to 
value off-site values supported by the site and, ' more importantly, it cannot be used to 
measure non-use values., Thus, sites that have unique qualities that are valued by non- 
usersýwill be undervalued., Moreover, interviewing visitors on site can introduce 
sampling biases to the analysis and statistical problems can influence the results. 
) 
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Hedonic Pricing Method (UPH) 
The HPM is used to estimate economic values for ecosystem or environmental 
services that directly affect market prices. It is based on the assumption that people 
value the characteristics of a good, or the services it provides rather than the good 
itself. Tberefore, prices will reflect the value of a set of characteristics, including 
environmental characteristics, that people consider important when purchasing the 
good. Consequently, the HPM may be used to estimate values, as economic benefits 
or costs, associated with environmental quality, including air pollution, water 
pollution, or noise and environmental amenities, such as aesthetic views. 
The technique is most commonly applied to variations in housing prices that reflect 
the value of local environmental attributes; house prices are assumed to include the 
capitalised value of environmental quality to the home-owner (Hanley & Spash, 
1993). As the hedonic pricing method is relatively straightforward and 
uncontroversial to apply, and because it is based on actual market prices and fairly 
easily measured data, it can be relatively inexpensive to apply. 
The application of the HPM takes place in two steps. The first is to collect data on 
residential property sales in the region for a specific time period. This data would 
include the selling prices and locations of residential properties, the property 
characteristics that affect selling prices (e. g. overall size, number and size of rooms, 
and number of bathrooms), the neighbourhood characteristics (e. g. property taxes, 
crime rates, and quality of schools), the accessibility characteristics that affect prices 
(e. g. distances to work/amenities and availability of public transportation) and the 
environmental characteristics that affect prices. Once the data are collected and 
compiled, the second step is to statistically estimate a function that relates property 
values to the property characteristics. The resulting function measures the portion of 
the property price that is attributable to each characteristic. Thus, the researcher can 
estimate the value of preserving open space by looking at how the value of the 
average home changes when the amount of open space nearby changes. 
The HPM does have a number of advantages and the method's main strength is that it 
can be used to estimate values based on actual choices. Secondly, property markets 
are relatively efficient in responding to information, and property records are typically 
very reliable, so they are a good indication of value. Thirdly, data on property sales 
and characteristics are readily available through many sources, and can be related to 
other secondary data sources to obtain descriptive variables for the analysis. Finally, 
the method is versatile, in that it can be adapted to consider several possible 
interactions between market goods and environmental quality. 
Nevertheless, there are drawbacks. Primarily the scope of environmental benefits that 
can be measured is limited to things that are related to housing prices. Also, the 
method will only capture people's willingness to pay for perceived differences in 
environmental attributes and their direct consequences. Thus, if people are unaware of 
the linkages between the environmental attribute and benefits to them or their 
property, the value will not be reflected in home prices. In addition the method 
assumes that people have the opportunity to select the combination of features they 
prefer, given their income. However, the housing market may be affected by outside 
influences, like taxes, interest rates, or other factors. Furthermore, the method is 
relatively complex to implement and interpret, requiring large amounts of data which 
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must be statistically manipulated and the results depend' heavily on model 
specification. Finally, the technique is of no relevance when dealing with many other 
types of public good and, like the TCM, the approach does not elicit non-U'Se values. 
Stated Preference Techniques 
The'third commonly' applied neo-classical economic approach for identifying 
environmental values is to openly ask people about their preferences and to use the 
answers as an indication of their values. These direct methods attempt to gauge 
values by asking people directly for their ideas of the worth of an asset (Karasin, 
1997). By far the most common direct economic approach is that of Contingent 
Valuation-(CV), which is used to present a hypothetical market for an unpriced 
environmental item to determine the maximum price individuals would pay either to 
buy the item or to avoid the item. 
The Contingent Valuation Method (CVM) is used to estimate economic values for all 
kinds of ecosystem and environmental services. The method has great flexibility, 
allowing valuation of a wider variety of non-market goods and services than is 
possible with any other non-market valuation technique. It can ý also be used to 
estimate both use and non-use values, and it is the most widely used method for 
estimating non-use values. 
CVM is -referred to as a 'stated preference' method as it ask s people to directly state 
their ý values, . rather than inferring values from actual choices, ý as the 'revealed 
preference' methods do. `In some cases, ý people are asked for the amount of 
compensation they would ý be willing to accept to give up specific environmental 
services., It is called 'contingent' valuation, because people are' asked to state their 
willingness to pay; contingent on a specific hypothetical scenario and description of 
the environmental service. The fact that CV is based on what people say they would 
do, - as opposed to what people are observed to do, -is the source of the technique's 
greatest strengths and weaknesses and is a subject that debated constantly in literature. 
Economists (e. g. Diamond & Hausman, 1993), Psychologists (e. g. Slovic, 1995), 
Sociologists (e. g. Fischhoff, ' 199 1), and Philosophers (e. g. Sagoff, 1998) for many 
conceptual, - empirical,, and'practical reasons, ý do not believe the cost estimates that 
result from CV are valid. ý. However, CV is one of the only ways to assign monetary 
values to non-use' (passive) values of the environment - values that do not involve 
market purchases and may not involve direct participation. 
The'application of-the CVM is generally a complicated, lengthy, and expensive 
process. In order to collect useful data and provide meaningful results, the contingent 
valuation survey must be properly designed, pre-tested, and implemented. The survey 
I questions must focus on specific environmental service(s) and a specific context that 
is .ý clearly-, defined , and, - understood by - survey respondents to demonstrate, that 
respondents are actually stating their values for these services when they answer the 
valuation questions. 
The-application of the CVM takes place in 5'steps. The first step is to define the 
valuation problem; 'i. e. determining exactly what service(s) is being valued, and the 
relevant population. The second step is to make preliminary decisions about the 
survey itself, including whether it will be conducted by mail, phone or in person, how large tfie sample size will bei'who will be surveyed, and other related question& The 
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next step is concerned with actual survey design and is usually the most important and 
difficult component of the process and is accomplished in several steps. The survey 
design process usually starts with initial interviews and/or focus groups, with the 
types of people who will be receiving the final survey, where the researchers would 
ask general questions. In later focus groups, the questions become more detailed and 
specific, to help develop specific questions for the survey, as well as decide what kind 
of background information is needed and how it is presented. After a number of focus 
groups have been conducted, and the iesearchers have an idea of how to provide 
background information, describe the hypothetical scenario, and ask the valuation 
question, a survey pre-testing is commissioned. The fourth next step is the survey 
implementation. The first task is to select the survey sample, ideally a randomly 
selected sample of the relevant population determined through the application of 
standard statistical sampling methods. Telephone surveys are carried out in a similar 
way, with a certain number of calls to try to reach the selected respondents. In-person 
surveys may be conducted with random samples of respondents or may use 
6convenience' samples - asking people in public places to fill out the survey. The 
final step is to compile, analyse and report the results. The data must be entered and 
analysed using statistical techniques appropriate for the type of question. 'Me 
researchers attempt to identify any responses that may not express the respondent's 
value for the services of the site. In addition, they can deal with possible non- 
response bias by assuming that those who did not respond have zero value. 
The CVM has a number of advantages over other economic approaches for, 
conducting environmental CBA. Primarily, CV is flexible in that it can be used to 
estimate the economic value of virtually anything, although it is most able to estimate 
values for goods and services that are easily identified and understood by users and 
that are consumed in discrete units. Furthermore, CV is the most widely accepted 
method for estimating the total economic value; i. e. including the non-use and use 
values. Additionally, although the technique requires competent survey analysts to 
achieve defensible estimates, the nature of CV studies and the results of CV studies 
are not difficult to analyse and describe. Finally, CV has been widely used, and a 
great deal of research has been conducted to improve the methodology, make results 
more valid and reliable, and better understand its strengths and limitations. 
However, there are limitations associated with the technique. Although the contingent 
valuation method has been widely used for the past two decades, there is considerable 
controversy over whether it adequately measures people's values. A primary point 
argues that there are fundamental differences in the way that people make 
hypothetical decisions relative to the way that they make actual decisions. For 
example, respondents may fail to take questions seriously because they will not 
actually be required to pay the stated amount. Responses may be unrealistically high 
if respondents believe they will not have to pay for the good or service and that their 
answer may influence the resulting supply of the good. Conversely, responses may be 
unrealistically low if respondents believe they will actually have to pay. In addition 
the payment question can either be phrased as the conventional 'What are you willing 
to pay (WTP) to receive ihis environmental asseff, or in the less usual form, 'What 
are you willing to accept (WTA) in compensation for giving up this environmental 
assetT In theory, the results should be very close. However, when the two formats 
have been compared, WTA very significantly exceeds WTP (see Bishop & 
Herberlein, 1979). Critics claim that this result invalidates the CVM approach, 
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showing responses to be expressions of what individuals would like to have happen 
rather than true valuations. Secondly, respondents may state a positive willingness to 
pay in order to signal that they place impo 
i 
rtancc on improved environmental, quality 
in general. - However, some respondents may value the good, but'S'tate that they are 
not willing to pay for'it, -bccause they are protesting at some aspect of the scenario, 
such -as increased taxes or the'means of providing the good. Others, such as a 
contribution or donation, may lead people to answer in terms of how much they think 
their 'fair share' contribution is, rather than expressing their actual value for the good. 
The expressed answers to a -willingness' to pay question-in a contingent valuation 
format may also be biased because the respondent is actually answering a different 
question, than the'surveyor had intended. Thus, rather than expressing value for the 
good, the respondent might actually be expressing their feelings about the scenario or 
the valuation, exercise itself. , For example,, respondents may express a positive 
willingness to pay because they feel good'about the act of giving for a social good 
(referred to as the "wann glow" effect (Sagoff, 1998)), although they believe that the 
good itself is unimportant. In addition, - respondents may make associations among 
environmental goods that the researcher had not intended; e. g. if asked for their WTP 
for improved 'visibility (through reduced pollution), the respondent May actually 
answer based on the health risks that they associates with dirty air. 
There are also further issues associated with bias. For example, strategic bias arises 
when the respondent provides a biased answer in order to influence a particular 
outcome; i. e. individ uýals may be tempted to provide an answer that ensures a high 
value, rather than -a lower value that reflects their true valuation3. Another bias is that 
of non-response, since individuals who do not respond are likely to have, on average, 
different ý values than individuals who do respond. ý Also informationý bias may arise 
whenever respondents are f6rced to value attributes with which they have little or no 
experience. An such, cases, the amount- and type of information presented to 
respondents ma 'ý affect their- answers. - This -problem -in, itself raises a number of Y 
issues. 
People are well practised in making decision with market goods; so their purchasing 
decisions in markets are likely to reflect their true willingness to pay. However, CV 
assumes that people understand the good in question and will reveal their preferences 
in the'COntingent market'just'as they would in a real market. However, most people 
are unfamiliar, with placing monetary values onenvironmental goods and services. It 
is Often assumed that people have well defined preferences and most survey research 
assumes that the answers-'given by individuals ý -reflect, what was already on 
individuals' mi inds; i. e. ' people know their preferences. - This is because a number of 
aýsumptions are made about the individuals' actions (O'Neill & Splash, 2000): 
0, Individuals' values are expressions of their preferences. 
0 Preferences' are ordered and have a certain stru cture. 
3 
,A some what 
distressing example, _of 
such an scenario was given by Adams (1974) in his paper 'and how much for your grandmother? '. Adams states that if interviewees think that repo I rting a high value (for their'grandrn6ther) might influence the government to sp end more money on the welfare of their 
grandmother, and they want their grandmother better cared for, they will answer accordingly. But if 
they thiA such an answer might result in high taxes for the possessions of grandmothers then they will 
report low values. 
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" The strength of individuals' preferences for marginal changes in a bundle of goods 
is expressed in their willingness to pay for their satisfaction. 
" Individuals have subjective probabilities about the likelihood of the different 
possible outcomes. 
" Individuals are instrumentally rational. They act so as to realise the greatest 
expected satisfaction of preferences. 
However, several lines of research in cognitive psychology and behavioural decision- 
making analysis indicate that people generally have only broad basic values. Thus, 
when people are unfamiliar with the object in question it is more likely to lead to 
expressed preferences that are highly 'constructed' and sensitive to a wide variety of 
task and context factors (Schkade & Payne, 1993). This has led to a different 
approach to survey development, based on the assumption that true values for issues 
of any complexity and novelty are often constructed (e. g. those concerning the 
environment) do not exist beforehand but are instead constructed as part of the 
selected survey elicitation process (Fischoff, 1991; Slovic, 1995; Sagoff, 1998). 
A variety of methods (heuristics) are used to construct preferences and the method 
used is contingent upon problem (task and context), person (knowledge, ability, 
goals), and social context (accountability, group membership) factors that impact both 
cognitive and emotional difficulty of decisions. Thus, it is implied that expressed 
judgements and choices are highly reliant upon seemingly minor changes in these 
factors, some of which are discussed here. 
The assumption of invariance states that the description of options (framing) or the 
methods of elicitation should bear no effect on the relation of preference. In the 
classical analysis, the relation of preferences is inferred from observed responses and 
is assumed to reflect the decision maker's underlying utility or value (Tversky et al, 
1988). However, many studies have shown that different methods (procedure) and 
different descriptions (framing) can give rise to systematically different responses 
(e. g. Slovic, 1995). Thus, such 'preference reversals' violate the principle of 
procedural invariance (Schkade and Payne, 1993). This problem of preference 
reversal in the valuation of environmental goods and services and the significance of 
changes in context (framing) provides evidence for the constructive nature of 
preferences (Gregory et al., 1993; Slovic, 1995). 
Furthermore, there are issues associated with embedding and ordering. The 
embedding effect occurs if people are first asked for their WTP for one part, of an 
environmental asset (e. g. one lake in an entire system of lakes) and then asked to 
value the whole asset (e. g. the whole lake system); the amounts stated may be similar 
(see Kahneman & Knetsch, 1992). In some cases, people's expressed willingness to 
pay for something has been found to depend on where it is placed on a list of things 
being valued. This is referred to as the 'ordering problem'. Furthermore, context 
effects occur'when alternatives are offered that affects the choice made by an 
individual (McFadden, 1999). For example, adding an extreme alternative to a choice 
set can make other extreme, but not as extreme alternatives appear to be compromise 
options, which can, in turn, increase their acceptance. 
Anchoring is another effect, in which -people's judgement and preferences are 
influenced by irrelevant numbers they are exposed to, provide evidence that revealed 
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preferences can be influenced by the manncr in which they are elicited. For examplel 
many early studies attempted to prompt respondents by suggesting a starting bid and 
then increasing or decreasing this bid based upon whether the respondent agreed or 
refused to pay a such sum. However, it has been shown that the choice of starting bid 
affects respondents' final WTP response (Coehlo de Faria ct al, 2000). 
The Attraction Effect, or asymmetric dominance, is another type of effect which often 
dominates alternatives not chosen, but draws alternatives towards the item they are 
dominated by (Huber ct al, - 1982)., ý It 
js argued that an. individual's, attraction to a 
given alternative (e. g. waste disposal site A) is, * in part, determined by the other 
alternatives available in the choice, set (Olsen,, & Burton, circa 1996). That is 
individuals make relative comparisons between options and these comparisons affect 
the perceived attractiveness of each of these options. Huber et al. (1982) suggest that, 
withi ,n 
the framework of asymmetric dominance, two'altcmatives and an irrelevant 
alternative (decoy) are presented in such a way that: A) one option is better on a given 
dimension than a second option; B) the second option is better than the first option on 
another dimension; and Q the third option is a decoy in that it is designed to be 
similar. yet inferior to one of the other alternatives. In, this way, option C is very 
similar -ý yet, slightly inferior - to, one -of the other options, such that the decision 
maker's attention is directed to the better of the two highly similar, options (Olsen & 
Burton,, circa, 1996)., - Thus,, adding a dominated alternative increases the likelihood 
that the dominant, alternative will be chosen over the non-dominant alternative. The 
target is more likely to be selected because its dominance over the decoy supplies a 
reason for its selection (Huber et al., 1982). 
The ability to obtain and attach a number to a valuation priority means little if the 
stated; context for, the decision, is either poorly understood or inappropriate; i. e. 
preferencesNs values. Thus,, the complexity, of environmental valuation requires a 
deliberative, thoughtful process of value construction across multiple dimensions and 
across multiple metrics in order to help individuals arrive at an informed decision. 
The, requirement to place monetary values on 
, 
environmental goods and services, 
considering the lack of training and insight of individuals, places unrealistic cognitive 
demands, upon respondents during CVM studies (Gregory et al., 1993). -Thus it is 
likely that CVM when used to value novel or unfamiliar, goods will evoke constructed 
rather than well-articulated preferences (Schkade & Payne, 1993). 
In conclusion, the important point of the constructive view is that the strong values 
that, people hold; for,, environmental goods are, not, rcpresented in their minds in 
monetary form; thus, CV is not a neutral process of value discovery. - Consequently, 
the construction of preferences means that preference measurement is best viewed as 
architecture (building a set of values) rather than as archaeology (uncovering existing 
values) (Fischoff,, 1991)., In response to these issues Payne, et al (1999) has argued 
and proposed that a 'building code' for preference measurement is needed in a world 
in which many. expressions of preference are, constructed when people are asked a 
valuation question ý (Payne z et, al., ' 1999). , Payne's ýbuilding code' describes the 
potential -faults -in, the, process of preference construction, offer guidelines for 
measunng constructed preferences to mitigate these faults, and discuss how the code 
must be sensitive to the purpose of the valuation. 
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The Analytical Hierarchy Process 
The AHP is a systematic method, designed by Saaty (1980) as a decision-making aid, 
for comparing a list of objectives or alternatives and is characterised by the 
description of a decision problem as a hierarchy and by the application of a specific 
measurement scale to obtain vectors of normalised weights or priorities, using 
pairwise comparisons. 
The technique is especially suitable for complex decisions which involve the 
comparison of decision elements which are difficult to quantify. AHP helps capture 
both subjective and objective evaluation measures, providing a useful mechanism for 
checking the consistency of the evaluation measures and alternatives suggested by the 
team thus reducing bias in decision-making. Combined with meeting automation, the 
technique can minimise many of the common pitfalls associated with team decision- 
making processes; e. g. lack of focus, planning, and participation or ownership, which 
ultimately are costly distractions that can prevent decision makers from achieving the 
right choice. 
The technique is based on the assumption that, when faced with a complex decision 
the natural human reaction is to cluster the decision elements according to their 
common characteristics. T'hus the process involves building a hierarchy (the ranking) 
of decision elements and then making comparisons between each possible pair in each 
cluster (as a matrix). This gives a weighting for each element within a cluster (or 
level of the hierarchy) and also a consistency ratio (useful for checking the 
consistency of the data). At the core of the Analytic Hierarchy Process (AHP) lies a 
method for converting subjective assessments of relative importance to a set of overall 
scores or weights. For this reason the technique has proved to be one of the more 
widely applied MCA methods (DTLR, 2000). 
11 
The fundamental input to the AHP is the decision maker's answers to a series of 
questions of the general form, 'How important is criterion A relative to criterion B? '. 
These are termed pairwise comparisons. For each pair of criteria, the decision maker 
is required to respond to a pairwise comparison question asking the relative 
importance of the two. Responses are gathered in verbal form and subsequently 
codified on a nine-point intensity scale; see Table below. 
Scale for Pairwise Comparisons of decision Criteria 
How important is A relative to B? Preference Index Assigned* 
Equally important I 
Moderately more important 3 
Strongly more important 5 
Very strongly more imEortant 7 
Overwhelmingly more important 9 
*2,4,6 and 8 are intcrrnediate values that represent shades ofjudgement. 
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If the judgement is that B is more important than A, then the reciprocal of the relevant 
index value is assigned. For example, if B isfelt to be very strongly more important 
as a criterion for the decision than A, then the value %would be assigned to A 
relative to B (DTLR, 2000). -, Because the decision maker- is assumed to be consistent 
in making judgements about any one pair of criteria and since all criteria will always 
rank equally when compared to themselves, it is only ever necessary to make 112n (n - 
1) comparisons to establish the full set of pairwise judgements for n criteria. A matrix 
of establishing the relative importance of three criteria is then constructed. 
A set of weightsýare then estimated, that are most consistent-with the relativities 
expressed in the'matrix. However, although there are complete consistencies in the 
(reciprocal) judgements made about any one pair, consistency of judgements between 
pairs is not guaranteed. Thus the task is to search for the three criterion weights that 
will provide the best fit to the 'observations' recorded in the pairwise comparison 
matrix. This may be done in a number of ways. ' The basic method to identify the 
value of the weights depends on relatively advanced ideas in matrix algebra and 
calculates the -weights as, the elements in -the eigenvector associated with the 
maximum eigenvalue of the matrix. ýThe calculations required are quite complex and 
in practice they would be undertaken by a special -AHP, computer package (DTLR, 
2000). 
A more straightforward alternative, which also has some theoretical attractions is to: 
calculate the geometric mean of each row in the matrix;, total the geometric means; 
and normalise each of the geometric means by dividing by the total just computed. 
Taken to further decimal points of accuracy, the weights estimated by the two 
different methods are not identical, ', but it is, common 'for, them to be very close 
(DTLR, 2000).,,, 'ý 
In computing Weights,,, it , is . normal, to cluster, criteria in a value tree. In AHP 
applications, thi's allows aý series 'of small sets of pairwise comparisons to be 
undertaken within the branches of the value tree and then between sections at a higher 
level 'ý in" the., hierarchy., ý ' In this way, the number of pairwise comparisons to be 
undertaken does not become too great. 
In addition to calculating weights for the criteria in this way, full implementation of 
the AHP also uses pairwise comparison to establish relative performance scores for 
each of the options on each criterion. The series of pairwise questioDs to be answered 
asks'about the relative importance of the performances of pairs of alternatives in terms 
of their contribution towards fulfilling each criterion. 
The weights and scores are finally computed using the pairwise comparison and they 
are then evaluated overall using the simple linear additive model (see sixth step of 
MAUT methodology - section 5.5.2) used for multi-criteria decision analysis 
(MCDA)., Each 
,0, 
f" the options- records a Wei&qd score ranging between zero and 
one. The. option with the largest score is the preferred option/subject and is then 
subjected to sensitivity testing and other context-specific analysis of the ranking 
produced by the model. 
The AHP is useful in that it focuses decision maker attention on developing a formal 
structure to capture all the important factors likely to differentiate a good choice of an 
option from a poor one. Additionally, pairwise'compansons are generally found to be 
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readily accepted in practice as a means of establishing information about the relative 
importance of criteria and the relative performance of options. Furthermore, the 
resulting weights or scores may be more stable and consistent than if they were based 
on a narrower set of judgements. Finally AHP also fits comfortably with 
circumstances where judgements, rather than measurements of performance, are the 
predominant form of input information. 
Nevertheless, despite these attractions, decision analysts have voiced a number of 
concerns about the technique and AHP has been criticised on many grounds 4: 
" The link between the points on the 1-9 scale and the corresponding verbal 
descriptions does not have a theoretical foundation (DTLR, 2090). Boucher and 
MacStravic (199 1) argue that the rankings produced by AHP are arbitrary because 
they are based on a subjective response on a ratio scale. AHP requires the 
decision maker to determine a preference point on ratio scale, without the 
existence of a consistent baseline or reference point (Dyer, 1990). Thus the 
decision maker is induced to make statements about the relative importance of 
items without knowing what, in fact, is being compared (DTLR, 2000). 
" The arbitrary nature of the rankings of alternatives is a causative factor for rank 
reversal, the situation where the ranking of alternatives determined by the AHP 
may be altered by the addition of another alternative for consideration (Belton and 
Gear, 1983). This arises from a failure consistently to relate scales of 
(performance) measurement to their associated weights. Furthermore, Belton and 
Gear (1983) argue that there is a tendency of rank reversal when weightings are 
not properly defined, or when these add to the fuzziness of the process. 
" AHP has been criticised because of the absence of a sound statistical method 
(Alho et al, 1996). 
" Finally, although it is a matter of debate among decision analysts, there is a strong 
view that the underlying axioms on which AHP is based are not sufficiently clear 
as to be empirically testable (DTLR, 2000). 
In response to these criticisms a number of attempts have been made to develop MCA 
procedures that retain the strengths of AHP while avoid some of the objections. The 
focus of these efforts has largely been on finding different ways of eliciting and then 
synthesising the pairwise comparisons. The best known alternative is 
REMBRANDT 5 which uses a direct rating system which is on a logarithmic scale to 
replace the 1-9 scale of AHP and exchanges the eigenvector-based synthesis approach 
for one which is based on use of the geometric mean to identify estimated weights and 
scores from pairwise comparison matrices (DTLR, 2000). A more recent alternative 
is the MACBETH 6 procedure which asks decision makers to assess the attractiveness 
difference between each pair of options prior to computer programmes processing the 
data to calculate a set of scores (DTLR, 2000). 
4 French (1998) provides a succinct critique. 
5 Ratio Estimation in Magnitudes or deci-Bells to Rate Alternatives which are Non-dominaTed. 
6 Measuring Attractiveness by a Categorical Based Evaluation Technique. 
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Consensus Conference 
The National Institute for Health Consensus Development Program was established in' 
1977 to resolve in an unbiased manner controversial topics in medicine. The first 
consensus conference (originally called a consensus development conference) was 
held at the National Institute for Health (NIH), in the United States (US) during 
September 1977 and dealt with breast cancer screening. To date, NIH has conducted 
115 consensus development conferences addressing a wide range of medical issues of 
importance to health care providers, patients, and the general public 
www. eurekalert. or . The initial conference was commissioned and organised by the 0 ice of Medical Applications of Research (OMAR). OMAR's goal was to improve 
the translation of the results of biomedical research into information that could be 
effectively employed in the pracýice of medicine and public health care. OMAR 
inaugurated a new mechanism for identifying and assessing the safety and 
effectiveness of medical technology (Jorgensen, 1995). 1 
The consensus development conference was initially a modification of the American 
$science court' which was based on the concept that scientific information could 
emerge in a court like procedure where expert scientists with, different viewpoints 
used the adversarial approach to resolve controversial issues. However, the science 
court was designed to be held behind closed doors and without public input or 
attendance. The need to produce a foundation for medical practice that would be 
acceptable to both the professional community and the public, which could not have 
resulted from a closed forum, resulted in the evolution of the consensus development 
conference model (Jorgensen, 1995). In essence the concept of a consensus 
conference is borrowed from; (1) the judicial process; (2) the scientific meeting 
among peers; and (3) the town meeting with public participation (Jorgensen, 1995). 
In 1987, the Danish parliament decided, through the Danish Board of Technology 
(Teknologiradet, formerly Teknologi-Naenet), to implement an experimental system, 
based on the consensus development conference, for enabling lay citizens to 
contribute toward decision-making, even with respect to complex issues that are 
usually handled exclusively by specialists. Since initiation the consensus conference, 
and other methods of technology assessment (see table over page), have developed 
extensively and has gained a measure of recognition within the national political 
culture. 
The DBT purpose is to provide Parliament with an assessment of topical sciences and 
technologies and to contribute to public debate. Established links between the Board 
and Parliament (mainly through the parliamentary research committee) allows for a 
direct relationship, although the Board is principally independent in the choice of 
themes and methods. 
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Table. Examples of DBT Technolodcal Assessment Methods 
Method Summary 
Hearings of citizens' The working notion is to link discussion and information activities together with 
groups advising the politicians and, by means of this process, to build bridges between the 
citizens and the politicians. It aims to awaken discussion among citizens and promote 
possibilities for citizcns to contribute to political decision-making processes. 
Future Search A method originally developed in the USA and not used in Denmark yet. It is well 
Conference suited for revealing common goals and opportunities for action in a society or a case 
and focuses on breaking down boundaries and creating an understanding of what 
wishes for the future the participants have in common. 
Hearings for The DBT was approached by the Parliamentary Research Committee (PRC) and asked 
Parliament to arrange a hearing on estrogenic substances. This was a close co-operation with 
Parliament, for whom the DBT has arranged eight hearings. 
Interdisciplinary 'An expert-oricntcd method where a given topic is assessed. The group is 
Groups/Commission interdisciplinary, providing different approaches to the topic. 
y Exercise 7 role 'Polic 
The DBT version of the role-play method which is based on experiences from Tilburg 
, play University and IVA Institute in Holland. The technique has been in use for several 
I years as a method to address many different issues. 
Questions and A method previously used in Holland and Switzerland to survey the public! s attitudes 
Choices towards political alternatives. The method includes expert information in the public 
questionnaire and thus the survey constitutes a dialogue between experts and lay 
pco le, which is a target in the evaluation of technology. 
Scenario Workshop A development of the 'Future Workshop' which follows the same three phases of 
criticism, vision, and fantasy. However, the Scenario Workshop is based on a 
presentation of possible future developments in the area. " These so-called Scenarios 
have been formulated in advance. The criticism of the Scenarios by the participants 
I I together with their own experiences form the basis for visions and action plans. 
For more information see the Danish Board of Technology web site; www. tekno. dk 
The Danish consensus' conference is defined as: a'meth6d of technology assessment 
organised as a'meeting between an expert panel and a lay -panel, "consisting of citizens, 
which'assesýs controversial 'and, technological ý developments. During the Conference 
the lay panel pr9duce"a statement in the f6rmof a document which 'ex resses their P 
expectations, concems' and'recomTendat. ions. The final document is written by 
ordinary people, and is directed at parliamentarians, other policy makers and decision 
makers. 
The'final documents from t ese con erences, ave cont hB 'h' ributed to informing politicians 
and&cision'makers on'citizens' views''of, -and attit . udes; towards technology. These 
conferences aim at an ideal process in which a given topic is elucidated on the basis of 
the' finest'available knowledge and discussied by the lay panel in open and unbiased 
dialogue. TWconsensus 'conference ensures that Members' of the generitl public, 
represented on'the lay panel and in the audience ''and'the summoned experts become 
engaged in-a'dialoig"u"e"with'one, another., 
The consensus COfiference is conducted as ddialogue between experts and lay people 
and takes'place over three days. 'Summoned'experts are invited to inform the lay 
panel about the technology and its consequences by answering the key questions, in 
the form of presentations, on the first day of the, conference. Different types of 
interdisciplinary expertise as well as conflicting expert opinions are presented side by 
side. ', ' An essential rule s that there is a. sharp distinction'between 'experts and lay 
people,, - and''thýi 
'the la 0s , 
y, panel is c mposed of citizen' that genuinely can be 
characterised. as"lay; i. e. they have no I special knowledge of the topic'. 
Consensus Conferences in Denmark have resulted in public debate on technology, and 
politicians have thus been made aware of the attitudes, hopes and concerns of the 
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public. On several occasions consensus conferences have caused political debate and 
initiation of new regulation. In recent years the consensus conference model has been 
applied extensively to a multitude of different topics and situations that have required 
a deliberative decision-making approach; see table below. 
Table. Ex2MDles of the ADDlication of Consensus Conferences 
Field Example 
Energy Policy Issues 9 National electricity policy (Switzerland), 1998 
0 Radioactive waste management (USA), 1999 
0 Radioactive Waste Management (UK), 1999 
Technology and 0 Educational technology (Denmark), 1991 
Communications 0 Telecommunications & future of democracy (USA), 1997 
9 High information society (Japan), 1999 
0 Smart-house technology for nursing homes (Norway), 2000 
Environmental Issues 0 Irradiation of foods (Denmark), 1989 
Sustainable consumption (Denmark), 1996 
9 Gene technology in the food chain (Australia), 1999 
0 Food biotechnology (Canada), 1999 
Genetically modified foods (UK), 1994 
" Municipal waste management (Canada), 2000 
Ethical Issues 0 Applying the increasing knowledge on human genes 
(Denmark), 1989 
" Electronic identity cards (Denmark), 1994 
Gene therapy (Denmark), 1995 
Ethics of genetically modified foods (South Korea), 1998 
Transport policy issues 0 The future of motoring (Denmark), 1993 
0 Future of transportation (Israel), 2000 
(Source: Andersen & Jaeger, 2000; www. loka. org/pages/worldpanels. htm) 
The suitable topics for a consensus conference are diverse; however, all of these 
topics have similar characteristics. For example the topics are topical, not too abstract 
(i. e. they can be delimited), contain conflicts, call for clarification of objectives and 
attitudes, depend on expert contribution for clarification, and require the necessary 
knowledge and expertise that is available. 
The key characteristics of a Consensus Conference can be identified as follows. The 
experts and lay panel have roles clearly defined in relation to each other; the process 
is transparent and documented. It is essential to the functioning of the process that the 
different participants know their roles and tasks in the process. The consensus on 
attitudes and recommendations in the lay panel is achieved through open discussion 
and the final decision document is an expression of the extent to which the panel can 
reach agreement. There is not so much a rigid methodology to follow when carrying 
out 'a consensus conference, such as those applied in neo-classical economics and 
multi-criteria analysis, as the process is relatively simple in both theory and practice 7 
However, there are a number of important components, which are essential to the 
running of the consensus conference model: 
7 This summary of the Consensus Conference methodology is adapted from Grundahl. (1995). 
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" The Project Management Team. 
" The Steering Committee. 
" The Lay Panel. 
" The Lay Panel Facilitator. 
" Experts 
The Project Management Team 
Each project has a project management team which consist of a project manager and a 
secretary. The project management team is charged with the day-to-day management 
of the conference, and they are responsible for a multitude of tasks ranging from: 
formulating proposals to put before the steering committee; recruiting the lay-panel 
facilitator; managing the hearing of interested parties; advertising for, and shortlisting 
the lay-panel members; replying to all correspondence; contacting potential experts, 
and following up the final 'selection once the programme has been established; 
managing the project finances; dealing with the media; providing practical assistance 
in the production of the final document; and the preparation and publication of the 
final document. 
Finally, it is essential to the process that the project management team demonstrates 
an attitude of openness and receptiveness and in no way influences the attitudes or 
focus of the lay-panel members. Likewise it is essential to ensure that the secretaries 
assisting the lay panel in the process of writing the final document do not promote 
their own views, write their own formulations or influence the course of debate. 
The Steering Committee 
The steering committee, of which the project manager is a member, usually consists 
of 3-5 people, with expert knowledge of the conference topic, who are selected and 
assessed by the Board and the project manager. The members are selected on the 
basis of their personal authority, as they are deemed to hold wide or profound 
knowledge on the subject and have extensive networks in the field. In general, the 
attitudes of the group members must complement each other, and the range of 
expertise of steering committee members must provide comprehensive coverage of 
the subject. In addition, individual Board members or representative(s) from any co- 
operating organisation may be asked to join by either the Board or the steering 
committee. The committee may nominate additional members if it finds that 
composition does not cover all approaches to and aspects of the subject. 
The tasks of the steering committee is to guarantee a fair realisation of the project 
description so that the widest possible range of relevant aspects are illustrated. The 
committee must approve the arrangements of the Secretariat in this respect; decide on 
the title of the conference; effect any adjustments to the project description and time 
schedule; approve the composition of the lay panel; ensure that the lay panel is 
provided with unbiased and adequate introductory material; draw up a comprehensive 
list of relevant experts to form the basis of the lay panel's discussions on possible 
experts; effect the final composition of the expert panel; and approve the programme 
for the conference. In addition, the steering committee may choose to draw up 
compulsory key questions which they want the lay panel to answer. 
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The Lay Panel 
The lay panel is made up of interested citizens. Participants are most commonly 
advertised for in regional/national newspapers that provide comprehensive 
geographical coverage. Interested people are invited to apply to the Secretariat by 
submitting a short (no more than one page) description of themselves, the knowledge 
they have on the topic and the reason why they wish to participate. On the basis of 
the submitted applications, a panel of 10-14 lay people is selected. The panel 
members are unpaid volunteers but compensation for loss of income is offered. The 
panel is selected so that it is composed of people with varied backgrounds on the basis 
of a number of socio-demographic criteria; e. g., age, gender, education, occupation 
and area of residence. It is essential that no member of the lay panel is an expert in 
the topic or represents special interests in the field. However, when individual lay 
people are particularly concerned about the topic being debated, they are deemed to 
have a special interest that is acceptable. - 
The selection procedure does not ensure. that the panel comprises a statistically 
representative sample of the population, but the panel is selected from interested 
people in such a way that several attitudes are represented. Although applicants for 
the lay panel are not explicitly asked to reveal their attitudes, these are usually 
apparent from their applications. The expression 'interested citizens', in addition to 
referring to the interest they have displayed by responding to the advertisement, also 
means that the selected people will be open and inquisitive in their efforts to reach 
consensus. This means that the process of achieving this common objective will take 
priority over convincing the other participants of one's own attitudes - it is not a 
question of 'winning' or 'losing'. 
The tasks of the lay panel include: the gaining of some basic knowledge of the subject 
in advance by reading the introductory material and participating in the preparatory 
weekends; drawing up the key and sub-questions of the conference; formulating a 
proposal for the composition of the expert panel on the basis of their own discussions 
and the comprehensive list of experts prepared by the steering committee. They are 
also required to question the experts at the conference, evaluate the received 
information, and agree on attitudes and any recommendations in relation to the key 
questions of the conference on the basis of the presentations by the experts and the 
debate at the conference and write the final document of the conference. 
The Lay-Panel Facilitator 
A facilitator is employed to assist the lay panel in its work. The facilitator should, 
like lay-panel members, be a non-expert, however they should be a 'professional' 
facilitator in the sense that they are trained or experienced in communication skills 
and in how to facilitate co-operation. The facilitator manages the preparatory 
weekends and chairs the conference. It is important that the facilitator must not have 
extensive knowledge of the subject of the consensus conference, or have any interest 
in influencing the decisions of the lay panel. They must have good academic skills, 
highly developed intuition and a natural ability for persuading a heterogeneous group 
of people to work together. In addition, energy and physical fitness are important for 
chairing the conference and assisting in the process of drawing up the final document. 
The facilitator is charged with making lay people feel comfortable and persuading 
them to work-together; managing the preparatory weekends, including the work of 
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formulating the key questions; chairing and managing the conference; assisting and 
steering the lay panel's production of the final document; focusing the lay panel's 
attention on key questions to be answered (so that conclusions in the final document 
are relevant to the debate and not on aspects that have not been discussed at the 
conference); for working closely with the project manager throughout the process. 
The facilitator can be compared with the judge in a jury trial in that they must 
maintain the focus of the experts on the lay panel's questions at the conference and 
assist the panel to find the most direct answers. 
It is essential that the project manager and the facilitator discuss, in advan ce, the 
course of the conference and agree on the working methods that will be used in 
dealing with the lay panel. For example, it should be agreed that the lay-panel 
members should work as a team with all members contributing effectively and 
equally. Furthennore, the degree of control that should be exercised on discussions 
and how far they should be allowed to proceed should be discussed and agreed upon. 
Such discussions may provide useful clarification of the tasks of the facilitator and the 
project managers, and of academic working methods and attitudes. This process 
improves confidence in tasks and methods that might prove useful in the pressing 
atmosphere that arises during the conference process. 
Experts 
The expert panel is selected on the basis of the wishes voiced by the lay people on the 
first preparatory weekend, the steering committee's own knowledge of the field and 
the results of a hearing, if one took place. The term 'expert' is given to a person with 
relevant knowledge exceeding general knowledge, and the term is given a wide 
definition; e. g. there are both scientific (the traditional definition of persons with 
professional/ scientific approaches) and opinion-focusing experts (representatives of 
interest organisations, etc. ). 
An expert appropriate for participation must be aware of the latest knowledge, have a 
good overview of the topic, have good communication skills and be receptive in 
debates. The tasks of the experts are: to answer the questions posed to them by means 
of an oral presentation at the conference; to add to the presentation their own points of 
view which are not covered by the posed questions; to answer follow-up questions 
from the lay panel; to be able to attend the entire conference; and to produce a paper 
based on their presentation which will be included with the final document in the final 
report 
Planning the Conference 
The planning of a consensus conference is normally initiated -6 months prior to the 
date of the conference. Before the conference, the steering committee meets several 
times, and the lay panel meets on two preparatory weekends. Each group has a 
number of different tasks. 
Steering Committee 
The role of the steering committee should be made especially clear and initially the 
steering committee discusses the project from a general point of view. The project 
manager must communicate the motivation for selecting a consensus conference as a 
method for this project, the basic concept of the process, and the general strengths and 
weaknesses of the approach. A time schedule must be established, a list of interested 
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parties in the field must be ' established, and 
the lay panel facilitator is selected. 
Finally, the steering committee sets up the framework of the unbiased introductory 
material which will familiarise the lay panel with the topic of the conference; e. g. 
briefing papers may be compiled on the basis of existing literature or it may be 
produced (externally) in the form of a separate paper of 15-20 pages. The paper will 
present the subject in general terms and describe the status, development, trends, 
attitudes, conflicts,. etc. in the field. When the introductory material is ready, it is 
approved by the steering committee before it is distributed to the lay panel. 
Hearings ofInterested Parties 
Shortly after the initiation of the project, a hearing is sometimes organised of parties 
interested in the selected subject. The hearing process provides interested parties (e. g. 
individuals or companies with extensive knowledge, influence and/or dependence on 
the field, research institutions, research committees, traditional interest groups, grass- 
roots organisations) with an opportunity to contribute. to the process reflected by a 
consensus conference. The hearing may either be in writing or in the form of a 
meeting. The project description and the introductory material prepared for the lay 
panel may be used as the basis for the hearing. In the hearing phase the interested 
parties are invited to propose interesting and essential aspects of and approaches to the 
subject which should be covered by the conference and suitable experts in the field. 
Pre-conference Preparations 
Commonly a press release is sent out to announce the consensus conference and that 
lay people are invited to apply. Advertisements are placed that provide a short 
description of the topic of the conference, the duties of the lay panel, and the dates on 
which it is essential that lay-panel members be present. 
At the second meeting of the steering committee, four months before the conference, a 
number of general circumstances related to the planning of the conference are 
discussed. Furthermore, a comprehensive list is prepared of experts who could 
possibly present papers on the subject. This list is drawn up on the basis of the 
personal recommendations of members of the steering committee and, if a hearing of 
interested parties was held, the recommendations of the hearing. The final 
composition of the lay panel must also be approved. 
The project manager contacts the relevant experts to inform them that there is a 
possibility that they might be asked to participate in the conference and they are asked 
whether they are interested. It is essential during this contact to specify clearly the 
conditions of participation (answers to clearly specified questions, short presentation, 
attendance throughout the conference, etc. ). 
Two to three months before the conference, the first preparatory weekend is held with 
the lay panel, the facilitator and the project manager. The facilitator is in charge of 
the weekends and the objective of the first preparatory weekend is: to introduce the 
lay-panel member, to each other; to introduce the method and to explain the role of 
the facilitator; to provide the lay panel 
' 
with information on the topic that may form 
the basis for drawing up the key questions for the conference -a speaker is invited to 
give a basic presentation on the topic and answer questions from the panel; to 
formulate the key questions; and to indicate the type of experts that the lay panel 
would like to answer questions at the conference. 
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In order to achieve these objectives it is necessary that the lay-panel members give a 
short description of themselves and their reasons for participation. Enough time must 
be set aside for questions and discussion; extensive brainstorming sessions where the 
lay panel members state their expectations, worries and questions in relation to the 
topic. The project manager describes the structure of the conference and its practical 
organisation. The lay panel is informed about the interest of the media and is asked 
not to discuss the subject with the media before the final document has been written. 
This ensures that free and open debate can take place during the process and no one 
will feel bound by public statements made on previous occasions. 
The aspects appearing in - discussions and brainstorm sessions form the point of 
departure for continued discussion on the key questions. Efforts are made during the 
first weekend to try to delimit the subject matter of the key questions. A decision is 
taken on a manageable number of questions that should be asked. In addition, a 
number of sub-questions are formulated. The lay panel is introduced to the principles 
of composing an expert panel. Based on this information and the discussions on the 
key questions, the lay panel specifies the type of experts and opposing views they 
would like to be represented on the panel. The specifications -can be related to 
considerations such as specific fields of research, different points of view, ethical and 
aesthetic aspects, etc. Using the comprehensive list of experts drawn up by the 
steering committee, and taking their own views into account, the lay panel members 
may also wish to select additional experts to be summoned to the conference. Finally, 
the lay, panel is given the opportunity to propose subjects for the agenda for the 
second weekend. 
At the third meeting, the steering committee is informed about the course of the first 
preparatory weekend and of the questions pinpointed as central by the lay panel. On 
the basis of this, a prioritised list is drawn up of the experts to present papers at the 
conference in answer to the individual questions. 
Approximately 1-2 months ahead of the conference, the second preparatory weekend 
is held for the lay panel. This weekend is primarily'spent on further discussions. 
Usually there are one or two short presentations based on the wishes expressed by the 
lay panel at the first weekend - these presentations have often been on ethical and 
legal aspects of the topic. The key questions are finalised. The facilitator leads the 
work which alternates between group work and plenary sessions. The lay panel 
identifies sub-aspects and formulates sub-questions to the key questions, the wording 
of the key and sub-questions are finalised before the weekend concludes. Besides 
this, the lay panel discusses the types of experts and the list of individuals, which has 
been compiled by the steering committee. 
At its'fourth meeting the steering committee finalises the composition of the expert 
panel which usually consists of 12-15 experts. They agree on the conference 
programme that is drawn up by the project manager. In the period leading up to the 
conference itself, the project manager effects the selection of experts and the finalised 
key questions and sub-questions are f6rwarqed to the experts scheduled to give 
presentations at the conference. 
456 
Appendix M 
The evening before the first day of the conference, the lay panel meet for the last 
clarifying discussion on questions, sharing of new knowledge, etc., and to prepare 
themselves and relax. 
The Consensus Conference Process 
ý Day I 
he invited experts respond to each of the lay panel's key questions by presenting 
their answers. These may take the form of presentation of specific knowledge, 
highlighting key areas where knowledge is lacking. This process is effected through 
short presentations (20-30 minutes) followed by opportunities for the lay panel to ask 
a few additional questions for clarification. An individual expert may answer several 
different questions. If time permits, the experts add to their presentations important 
points which they believe the lay panel should consider; e. g. on aspects that were not 
prepared in advance and areas not covered by other key questions. In the course of 
the day, the conference will hear about 10-15 presentations. This means that the onus 
is on the chairman (i. e. the facilitator) to ensure that the experts adhere to their allotted 
time so that clarifying questions are allowed. 
On the evening of the first day the lay panel meets independently and decides which 
aspects of the key questions have been explained well and which areas need further 
clarification. On this basis, they compile the questions that should be asked of the 
experts on the second day, and they decide who is going to ask them and in which 
order. 
e Day 2 
The lay panel pose their supplementary questions to the experts for clarification, and 
additional questions and answers may possibly be supplied by the audience. During 
the afternoon and evening of the second day the lay panel prepares the final 
document. Using the key questions as a basis, argumentative evaluations and 
recommendations are given by the lay panel on the measures called for in the various 
fields covered by the topic. 
The preparation of the final document is a process in which, through an open, 
discussion, every effort is made to attain the greatest consensus between the lay-panel 
members on the actions to be recommended. Minority opinions should be allowed 
only when the process reveals very wide differences of opinion. The process should 
be effected as argumentation and dialogue on the individual questions rather than 
negotiations. In this way, the document becomes ideally an expression of how far the 
process can go when solutions to the problems are sought through consensus. 
The writing and discussion of the contents of the final document needs to ensure that 
every member of the lay panel has a say. Commonly, to speed up the process, work is 
carried out in groups alternating with plenary sessions. The facilitator usually divides 
the lay-panel members into groups each dealing with 2-3 related key questions. Each 
group will be assisted by a recording secretary and the work of the groups is presented 
to each other and discussed in plenary sessions. Everybody has to agree on the results 
of the evaluations and on the recommendations. At some conferences an extra day 
may be added to the process of writing the final document - this has to be evaluated 
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on an individual conference basis and often depends on the character and complexity 
of the topic. 
9 Day 3 
The final document should be available by the start of proceedings in sufficient 
numbers for the participants when the lay panel presents the final document at the 
conference. First, the lay-panel members present the final document. The experts are 
then allowed to correct any technical errors and misunderstandings, but they may not 
alter the actual content. Finally, the experts and the audience have an opportunity to 
address questions to and discuss the conclusions with the lay panel. When the official 
part of the programme has been concluded, it is essential to allow the media to pose 
further questions to the lay panel, experts and organisers. 
Follow-up 
Immediately after the conference the technical errors in the final document are 
corrected a preliminary final document is published. The expert papers from the 
conference and possibly the briefing paper are included in the final report. 
The Role o the Media* 
Consensus conferences usually enjoy coverage by the media as the scenario often has 
intrinsic interest to the media. Nevertheless, the influence of the individual 
conference depends on the nature of the topic being discussed. The influence of the 
conference, and its effectiveness in focusing attention on the development of a 
particular technology, is dependent on the general interest shown by the media and the 
public. A conference is more likely to be effective if its timing coincides with when 
decisions are to be made in a field. Politicians and decision makers are interested in 
addressing the problems identified in the final document because the document 
expresses lay people and thus also the voters' points of view. 
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Citizens' Juries/Planning Cells 
Citizens' juries and planning cells are essentially the same technique, although 
planning cells were the original invention. 
The Institute for Citizen Participation and Planning Methods at the University of 
Wuppertal, Germany, first ran-its Plannungzellen (planning cells) with government 
sponsorship in the mid- 1970's (Crosby, 1999 quoting Dienel, 1978). In the United 
States, the first citizens' jury with government sponsorship, was conducted in 1984 
when the Centre for New Democratic Processes (now the Jefferson Centre) used five 
randomly selected juries to examine the impacts of agriculture on water quality in 
Minnesota. Since then the Jefferson centre, alone, has conducted 28 Citizen Juries 
(Hansen, 2000). Within the UK, the Institute for-Public Policy Research (IPPR) first 
became interested in the process in 1994. Furthermore, the King's Fund Policy 
Institute and the Local Government Management Board (LGMB) have advocated the 
use of citizens' juries and have each sponsored'a series of pilot projects (Coote & 
Lenaghan, 1997). 
Citizens' juries represent a direct form of public participation in decision-making 
processes, also modelled after the criminal jury system. The goal is that 'a group of 
randomly selected citizens, when, exposed to good information presented by witnesses 
from differing points of view, is able to Make good judgements on public policy 
matters even though in terms of training and experience there are many people more 
competent than they (Crosby, 1995). The randomly selected group of 12 jurors, 
designed to represent the general public, is impelled to study a specific local or 
regional public policy issue (though juries on , national 
issues have been completed). 
These jurors are paid for their time. While the citizen juries are chosen on a case by 
case basis, one option we need to explore is whether such juries could be selected 
under the current civil court jury system. 
In most cases a non-profit, non-partisan facilitation organisation develops a narrow 
charge presented to jurors at the beginning of the process, which needs to be 
satisfactory to the sponsor organisation, fair to stakeholders (affected parties), and will 
provide a framework from which the jurors can make good judgements (Crosby, 
1995). The charge generally contains a clear statement of the problem to be 
addressed, often asking jurors to chose between three or four pre-selected options, and 
subsequent follow-up questions to consider. The jurors participate in four to five day 
hearings, facilitated by a neutral moderator, where participants hear from 'witnesses' 
so that they are exposed to a wide range of views on the issue. Jury members can then 
propose questions to the witnesses. The jurors then deliberate the information 
received and issue findings and recommendations to policy makers in writing in 
response to the charge (Crosby, 1999). 
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Table. Examples of the Application of Citizens' Juries 
Field Example 
Planning issues at local level 0 Cologne Town Hall Project (Germany), 1992 
9 Improvement of Swiss Cottage Site, Camden (UK), 1997 
Energy Policy Issues 0 Future energy policies of West Germany (Germany), 1985 
0 Future of electricity in Minnesota (US), 1997 
Technology and 0 Potential use of videophones (Germany), 1991 
Communications 
Environmental Issues 0 Siting of landfill sites in Argua (Switzerland), 1992 
0 Waste Management for Hertfordshire County Council (UK), 
1997 
Genetic testing and the insurance industry (UK), 1997 
Ethical Issues 0 Taste and decency on the television (UK), 1997 
Social Issues Healthcare reform (US), 1993 
At-risk children in Greater new haven (US), 1989 
Transport policy issues Congestion pricing for Minnesota (US), 1995 
Review of public transport systems in Hanover (Germany), 
1995/6 
(Source: Smith & Wales, 1998) 
The Process 
The citizen jury process is a very simple technique, which like the consensus 
conference lacks a rigid methodology. However, the technique requires a number of 
key components, and has a number of key stages which have been adequately 
documented by the IPPR (see Coote & Lenaghan, 1997). 
The value of the process depends how seriously it is seen to be taken by the 
commissioning body. Is it just a public relations exercise or an elaborate effort to 
'educate' the public? If so why should anyone bother to take part or take note of what 
the jurors have to say? To signal clearly that a citizens jury is an honest attempt to 
involve the public in the commissioning authority's decision-making process, and to 
avoid confusion and misunderstanding, the IPPR (1997) recommend that: 
" The fact that a jury has been convened and the question(s), which has been asked, 
is publicised. 
" The jury's conclusions are published. 
" The commissioning body should undertake and response to conclusions within a 
set time. 
" The jury's recommendations are acted upon or it is explained publicly why they 
are not. 
The citizens' jury is among'one of the possible ways of involving the public in 
decision-making. It should not be seen as the best things to do, but as part of a wider 
- consultation process. If the findings of the jury are to have any credibility or 
legitimacy, then the process must be seen to be unaffected by the interests of the 
commissioning body. As a minimum the jurors should, like a consensus conference, 
be recruited by an independent organisation, moderated by independent professionals. 
460 
Appendix N 
Citizens' juries must not be allowed to take part in a vacuum; its impacts will be felt 
not only by the commissioning body but also by other stakeholders. It is important, 
therefore, that important stakeholders are consulted at an early stage in order to avoid 
suspicion. It many cases it is necessary to involve stakeholders in the planning stages. 
The IPPR recommend that an advisory group made up of all the stakeholders is 
convened by the commissioning body in order to help plan and develop the citizens' 
jury. This is a useful source of advice and information, and a sounding board for 
ideas about the wording of the question(s), the shaping of the agenda and the selection 
of witnesses. Additionally, it will help allay fears to a fix and to build a consensual 
base for the jury. 
Furthermore, to be successful a citizens' jury requires a firm commitment and a 
substantial input of time by the commissioning body. Even if the recruitment and 
organisation of the jury are contracted out to other organisations, there are functions 
that only can be carried out by someone on the inside. This person, who manages the 
project on a day-to-day basis, is responsible for: 
Convening the steering group. 
Assisting with the recruitment of witnesses 
Keeping colleagues informed and comfortable about the jury process 
Arranging house keeping details 
Being present during the entire jury and be prepared to supply extra information if 
required. . Arranging the considerations and response of the commissioning body to the 
jurors' recommendations. 
jury selection 
In most cases it is essential that the separation of the jury selection phase is carried out 
to enhance the credibility of the jury process. Independence in the recruitment 
process is crucial in order to avoid either perceived or actual bias, as well as to ensure 
professional rigour. Sixteen jurors are usually recruited to allow for some drop out 
before the jury begin, without the total falling below 12. 
There are two common methods of juror recruitment. Both methods draw upon a 
profile of the relevant population obtained from a census and other demographic 
information, containing a breakdown of social class, age, gender, ethnic background 
and housing tenure (IPPR, 1997). The first technique initially constructs a profile of a 
representative 16 person jury which are weighted to represent the criteria as 
accurately as possible. Expert recruiters are then used to recruit the 16 jurors to match 
this profile through a combination of door-to-door visiting and approaching people in 
the street. The second technique, however, begins with a postal survey of residents in 
the area, randomly selected from the electoral register, which asks if they would be 
interested in taking part in a citizens' jury. The letters are brief and only give 
information on the citizens' jury process and not the subject to be addressed. Those 
individuals wishing to take part are asked to complete a brief demographic questioner 
and respondents are matched to a profile of the area and grouped accordingly, from 
these groups sixteen individuals are selected at random. 
Screening is occasionally adopted in some cases to remove individuals from the 
process that may have an undesirable effect/impact upon the running of the citizens' 
461 
_AppendixN 
juror or its outcome. Which inoividuals to screenout is dependent upon the topic of 
discussion. However, there is controversy over whether recruiters should screen out 
individuals as this poses further dilemma; who should decide on exclusion and 
according to what criteria? Thus in many cases exclusion is excluded. 
It is a common feature of citizens' juries that jurors axe paid a flat fee for their time. 
The flat fee approach is the most common as, it is argued (IPPR, 1997), it is more 
equal as it would be unfair to have significant wage differentials. Also it is felt that 
the equal contribution/commitment ofjurors should be equally rewarded. 
Choosing and Framing the QuestionlCharge 
Possibly the most challenging and contentious stage of any citizens' jury is the 
drafting of the question (sometimes termed the Charge) for the jury, and drawing up a 
manageable agenda which enables the jury to reach a clear set of conclusions. In 
response the IPPR (1997) have set out a number of criteria that should be met to 
enable a. successful outcome of a citizens' jury: 
The question should be a 'live' issue which the commissioning body needs to 
address: Jurors will take the process more seriously if they are given a real 
question to answer. 
The issue should be one which the commissioning body is willing and able to act 
upon: it is no good askingjurors to decide upon an issue which the commissioning 
body cannot or will not act upon. For example, Mere is little point in a locally 
based commissioning body asking a an issue that would require action at a 
national level. 
" The commissioning body should be prepared to hear an answer that it does not 
anticipate or like: if a question is worth putting to a citizens'jury, the chances are 
that it will involve a number of controversial issues or options. Juries are 
unpredictable and there is no guarantee that they will optfor the commissioning 
body's preferred outcome. However, the decisions of a jury are not binding, but 
the commissioning body should be prepared to respond to any recommendations 
in an open andfair manner. 
" The commissioning body should be clear about what it wants from the jury 
process; knowing what the public 'think' about a particular issue is not enough. 
Does the commissioning body want ajury to come up with a clearproposal about 
a specific dilemma or problem, or does it really want help from the public in 
developing an overall strategy on a wider range of issues. 
" Who does what: in some cases the commissioning body decides upon the line of 
, questioning for the jury. However, this has lead -to criticisms and it is now 
recommended that an advisory group be created to avoid perceived agenda 
setting (rigging) by the commissioning body. 
The agenda. for a citizens' jury should be structured to enable jurors to move 
purposefully through from the question(s) to the point where they can make 
recommendations. The agenda is the framework which should give shape to the 
proceedings, whilst providing space for deliberation and sufficient flexibility to enable 
jurors to exert some control. 
The jurors' capacity to deal with complex questions depend on how the agenda is 
structured. A number of exercises have been carried out where the agenda has been 
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varied and one of the most important finding is that deliberation should take place on 
a daily basis, as opposed to on the last day of the process. This often allows more 
clear-cut conclusions from the jury. It is also important to run introductory evenings 
for the jurors, which typically lasts for two hours on a evening shortly before the 
citizens' jury begins. The objectives are threefold; the organisers brief the jurors on 
the process, the commissioning body introduces itself and the question it wishes the 
jury to address; and jurors have the chance to meet each other, ask questions and 
possibly drop out if they wish. 
Documentation 
A key feature of the citizen' jury process is the provision of infonnation about the 
issue at stake. However, this infonnation needs to be of a sufficient quantity, and be 
of a suitable quality and accuracy. 
It is common to provide jurors with background briefing papers on the main issues 
before them, plus information about the commissioning authority. Each witness is 
encouraged to provide one page of text surnmarising their main points, prior to their 
presentation, which jurors could use to prepare some preliminary questions and keep 
for reference. It is also common that the organising body reviews all data prior to 
submission/presentation to the jurors so that it can be checked for accuracy, purged of 
jargon and shortened if necessary. Furthermore, this allows organisers to be aware of 
what is happening and be prepared for discussions. However, the evidence presented 
by witnesses, written or oral, ishot expected to be impartial and witnesses are invited 
to give their particular view point or perspective. 
It is important that information is provided in a gradual and non-threatening manner 
and that it is presented only when it becomes relevant to the discussion.. The agenda 
should allow time for jurors to read, digest and discuss written information. 
Witness Selection and Witness Presentations 
The fact that jurors receive oral evidence makes the sessions more interactive and can 
bring an issue to life, as jurors cross-examine the witnesses. Many jurors appreciate 
the opportunity to put their questions to experts and other with relevant experience. 
However, choosing and briefing witnesses is time consuming and controversial as it 
can be open to abuse, error or misunderstanding. Furthermore, it is also important 
that jurors are given the chance to hear from real people and well as from experts but 
that neither type of evidence escapes close scrutiny. 
Witnesses should be selected to help the jurors to address the question before them, 
not simply to ensure that all the local stakeholders have their say. Ideally, at least half 
of the witnesses should be selected by an organisation independent of the commission 
authority and an advisory group of all stakeholders should oversee the selection of the 
witnesses. This will reduce the risk of stakeholders feeling neglected or clamouring 
for the right to address the jury directly; it will help build a consensual base for the 
jury, as well as ownership of the results, and to ensure that all relevant viewpoints are 
given adequate space on the agenda. As a rule, the jurors are asked to make their own 
choice of one or two witnesses to be heard on the final day (IPPR, 1997). 
The jury process usually lasts for only four days, and thus it is clear that too many 
witnesses with too many arguments and perspectives can confuse rather than 
463- 
Appendix N 
illuminate the issues. There is a need to keep the witness presentations concise and 
short. The IPPR (1997) now recommend that there should be no more that four 
witness sessions per day, each witness is allocated IS minutes to talk, to avoid jurors 
loosing their concentration, followed by leaving 40-45 minutes for questions from the 
juror. Experiments are also being carried out with witness panels, where four 
witnesses give evidence to the jury in one session followed by all the witnesses. 
participating together in the following questions and answer sessions. 
It is beneficial if jurors are given the time to prepare some preliminary questions in 
small groups. The morning of the first day is usually devoted to a background 
briefing., The afternoon of the final day, must be left for the jury to draw its 
conclusions and recommendations. 
Moderation 
Citizens' juries are usually moderated by two skilled and independent professionals, 
with no specialist knowledge of the issue being discusse& The moderation of 
citizens' juries is very different from moderating other types of group discussion. For 
example, in contrast with focus groups, a citizens' jury brings together -16 people 
from diverse backgrounds. The purpose is not to extract from people views which 
they did not know they possessed, treating individuals as objects of research, but to 
engage citizens in informed and interactive, deliberation. In a citizens' jury the 
moderator acts as enabler, encouraging the jurors to explore and debate the issues 
before them, by questioning witnesses and exchanging views. 
The moderators must act in a completely unbiased manner, ensuring that all questions 
put to the jury and the witnesses are answered without leading the process unduly. 
This has proved to be difficult. For example during two separate citizens' juries a 
more hands off approach and a more controlled approach was adopted (IPPR, 1997). 
The first, hands-off, group the jurors did not seem to be empowered by the lack of 
moderation, seemed to be struggling over their objectives and few jurors tended to 
dominate the process. However, in the second, . co , 
ntrOlled, jury study the jury 
proceeded much more coherently and purposeful manner and they produced a clearer 
set of recommendations. Nevertheless, some jurors felt that they were too tightly 
controlled. 
Juror's Discussions 
The citizen jury is a deliberative process; citizens reach conclusion based on evidence 
from expert witnesses, and informed and reflective discussions with their fellow 
jurors. Thus, it is important that enough time is built into the agenda for deliberation. 
There are a number of different techniques to ensure that all jurors have the 
opportunity to express and change their view. It is often assumed that the best point at 
which to facilitate debate is in the plenary sessions following evidence from 
witnesses. However, not all jurors are willing to express their view in front of 16 
people. In this situation it is recommend that each day should allow for jurors to 
break into small groups, to allow them time to discuss the issues amongst themselves. 
These small groups are not moderated and each group nominates a spokesman who 
later reports the findings to the full plenary session. The participants in each group 
are related regularly to prevent the development of factions with polarised vi6ws. It is 
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also useful to re-arrange jurors' seating each day, so that they also have different 
neighbours. 
The Juror's ReportlRecommendations 
During the final day of the citizens' jury, jurors are asked to reach a consensus about 
the question(s) placed before them where possible and to produce recommendations 
for the commissioning body, but this is never forced. It is perfectly valid for jurors to 
have different views, and disagreements are recorded. A report, which constitutes an 
audit trail, is then produced which briefly records the agenda, the witness sessions, the 
questions the jurors addressed on each day, any intermediate findings, and the jurors 
final conclusions and recommendations (IPPR, 1997). The report is then approved by 
the jurors (allowing the opportunity to amend or challenge and misrepresentation), 
passed to the commissioning body and then it available in the public domain. 
It is recommend that the report is written by an observer who is independent of the 
commissioning authority, and is present throughout the jury process. Furthermore, it 
is suggested that the entire jury process is taped so that a written manuscript may be 
produced if necessary. This provides an extensive amount of qualitative information 
relating to how decisions were reached and whether jurors changed their minds. 
Written data prepared by the commissioning body and witnesses may also be utilised 
within the written report. Further information about the process and its outcomes can 
be extracted through questionnaires distributed both before and after the jury process. 
The initial draft of the report is distributed, usually by post, to all jurors, who are 
given the opportunity to amend or challenge and misrepresentations. However, there 
are issues regarding the closing of the citizens' jury. What happens if the jury 
changes their minds? When does the jury end? What is the status of the post-jury 
meeting, and what if the decision(s) of that meeting contradicts the recorded decision 
of the citizens' jury? The postal system of distribution is recommended, as long as 
the report is based on accurate records, drafted by a person independent of the 
commissioning body, arid sent out to the jurors no more that three weeks after the 
jury's final day. 
Furthermore, it is important that the report is submitted to a board meeting of the 
commissioning body within six weeks of the jury. This helps to ensure that the 
momentum and enthusiasm generated by the jury is maintained, making a significant 
contribution to the perceived success if the citizens'jury. 
Observers arc permitted, as in a legal jury, however numbers arc limited to avoid 
inhibiting the juror's deliberations. It is recommend that representatives of the key 
stakeholders arc invited to observe and the media encouraged to attend. When jurors 
from the IPPR (1997) studies were questioned over the possibility of observers they 
agreed that numbers should be limited to prevent inhibition of the jurors. 
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BNFL Guidance on Best Practicable 
Environmental Option (BPEO) 
The BNFL 'Guidance on Best Practicable Environmental Option' (MG/172,1998) 
outlined a methodology for carrying out BPEO assessments for radioactive discharges 
to ensure that all important factors, such as risk, financial cost and benefit, were 
adequately addressed in decision-making. The guidance was BNFL's first attempt at 
developing a company wide BPEO methodology and it was derived from guidance 
documents published by the EA and from experience gained through previous BPEO 
assessments undertaken by BNFL. The methodology broadly follows the stages of 
the EA's Integrated Pollution Control (IPC) methodology. 
The most recent application of this methodology was in 2000 when the Environment 
Agency (EA), as part of their full re-examination of Sellafield's discharges and 
disposals, requested that BNFL carry out studies to determine the BPEO for eight key 
radionuclides, Tritium (3H), Carbon-14 (14C), Argon-41 OAr), Krypton-85 (85Kr), 
Strontium (90Sr), Iodine-129 (1291), Rthenium-106 (106Ru) and Technetium-99 (99Tc), 
discharged from the Sellafield site. The studies were radionuclide specific, as 
requested by the, EA, and therefore did not take into account the wider implications 
and impacts associated with abating a discharge stream comprising of a mix of 
radionuclides. This was recognised by BNFL as a limitation of the methodology and 
as a result they acknowledge that the studies do not take into account the wider effects 
that may be recognised through adopting a stream-specific study. 
The methodology developed by BNFL was intended as a generic stage-by-stage 
approach for undertaking the BPEO assessments for each of the identified key 
radionuclides, although it is accepted that certain stages may be omitted or added as 
required. The BPEO assessment follows the key stages shown in Figure 2: from 
identification of the nuclide; assessment of the generic options; identification of the 
Best Environmental Option (BEO) and assessment of the final options to identify the 
BPEO. Essentially the methodology initially determines the Best Environmental 
option (BEO) and then determines the BPEO. 
Due to time constraints placed on the BPEO studies (they were requested in April 
2000 for submission in September 2000) the assessment process was undertaken by a 
group of persons from a number of disciplines within BNFL, selected for their 
knowledge, expertise and experience. The studies were carried out by BNFL because 
no one else could complete the investigations within the timescales stipulated. The 
scope of the methodology was approved by the EA even though it ionvolved no 
external input. , 
In a bid to bridge this gap in their methodology BNFL opted to utilise 
the BPEO groups' perspectives (i. e. the perspectives of technical and financial experts 
employed by BNFL) to assign values of how they perceive the public/regulators/other 
stakeholders viewed the options being reviewed. 
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Figure 1 The Key BNFL BPEO Stages ý 
Identify Key Nuclide 
Investigate Generic I 
Ontions 
I 
Determine the BEO 
Assess Final Options 
Identify the BPEO 
The key stages are further broken down into tasks (I to 8), intended to demonstrate 
the logic behind the study and to record and present all findings, thereby maintaining 
an auditable trail. 
1. Identification of The EA identified a number of key nuclides for which 
the key nuclide. BPEO studies were to be carried out. 
2. Is 'no discharges' Investigate the source of discharges and determine if 'no 
an option for this discharge' is an achievable option. Where 'no discharge' is 
nuclide? not achievable further work must be undertaken to establish 
the BPEO. 
3. Quantify total All discharges of the nuclide were quantified across all 
discharge of environmental media: to air; to liquid and land (where 
nuclide practicable). 
4. Assess dose By assessing both the critical group and collective dose for 
impact to each each of the receiving environmental media, it is possible to 
environmental compare current dose impacts presented by the discharge of 
media the nuclide into the environment. 
5. Identify current, or Once the discharge quantities and dose impacts have been 
potential assessed, all current and potential technologies which allow 
technologies to for the movement of discharges away from one 
move discharge environmental medium to another must be explored and 
assessed. 
6. Consider other For each of the current or potential technologies identified 
environmental in the previous step, an assessment against all radiololgical factors and non-radiological environmental factors must be 
468 
Appendix 0 
conducted and will include impacts resulting from 
construction works, modifications, implementation and 
commissioning, operation and decommissioning. 
7. Rank the discharge By means of subjective assessment, the Best Environmental 
routes to Option in terms of discharge route (i. e. no discharge, 
determine the discharge to air, to land or to liquid) can be ranked based on 
BEO the findings from undertaking the previous tasks. 
8. Conduct BPEO Once the BEO has been determined the BPEO assessment 
assessment must be carried out against a set of predetermined criteria. 
The criteria are: dose uptake; timescales for 
implementation; lifetime cost; technical; non-radiological 
environmental impacts and stakeholder acceptance (over 
page). 
For, each of the nuclides identified, the tasks were worked through and completed 
where 'practicable. However, in certain areas of the BPEO studies specific 
information was not available to complete all tasks in a quantitative manner; e. g. dose 
impact from future waste disposal. As a result parts of the BPEO assessments were 
assessed subjectively. 
Determination of the Best Environmental Option (BEO) 
In order to derive the BEO, an assessment of the theoretical critical group dose 
impacts (assuming the total discharge goes to each medium in turn) was carried out; 
the current or potential technologies to move the discharge from one medium to 
another were identified; the other environmental factors arising from the use of these 
technologies were considered; and the discharge routes were subjectively ranked 
taking into account all environmental factors. 
However, due to the short timescales available for the BPEO studies, it was not 
possible to make a fully quantitative assessment of the environmental impacts that 
would result from the disposal/discharges of all the above radionuclides to each 
environmental media in terms of either dose impact or other environmental burdens 
such as those associated with energy and resource usage. As a result for many of the 
studies it was not possible to. make a definitive statement as to which environmental 
medium it would theoretically be best to dispose or discharge to, and hence declare 
the Best Environmental Option (BEO). Consequently, BNFL could only make semi- 
quantitative statements (solid is better than liquid which is better than aerial) based on 
an appraisal of the information on dose and other environmental factors readily 
available. This was compounded by the fact that BNFL were unable to perform a 
direct comparison of radiological environmental impacts and non-radiological 
environmental impacts; i. e. equate-a dose saving against increased resource and power 
usage. This is a problem with the application of any decision-making methodology 
and highlight the need for a socially intelligent approach to environmental decision- 
making (see Chapter Two and Chapter Five). 
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Determination of the Best Practicable Environmental Option (BPEO) 
Oil determination of' the 13FO the most promising of the optIons available for 
management or abatement ofthe key radionuclide were assessed against the following 
criteria to dctcrminc the BPFO. 
Public Dose A measure of the radiological impact caused by the radionuclide 
Uptake to the most exposed members of the public (the critical group) is 
the main focus of the BPEO study. 
Worker Dose For the workforce, an assessment ot'dose uptake will be based on 
Uptake the additional requirements fo r instal lation/construction, 
operation, disposal and decommissioning work relating to all 
options. 
'firnescales for The hinescale to irnplcmcnt each particular option must be 
Implementation dctcri-nmed, especially as regulatory pressure continues to 
demand discharge reductions and we move toward the 2020 
OSPAR agreement date. Tirnescales for implementation must 
also consider the treatment of any waste backlogs, either existing, 
or generated as a result of the time taken to physically implement 
the selected option. 
Lifetime Cost Lifetime cost must take account of all financial implications 
involved in considering the available options, including costs of 
design and build, commissioning, operation, decommissioning 
and disposal. 
Technical All options must be technically viable and include consideration 
of. instal lation/construction; operation; disposal s/discharges both 
short and long ten-n (including acceptability of waste forrn to 
NIR1, X type repository); and decommissioning. 
Fnvironmental All non-radiological environmental factors should be considered 
where applicable. These will include: resource use (building 
materials etc. ); energy use; transport; flora & fauna etc. It 
appears that BNFI, assume that 'public dose uptake' and 'worker 
(lose uptake' adequately account for human impacts 
Stakeholder Gaining the acceptance of other stakeholder groups is essential 
Acceptance and should consider the views and opinions of the public, Non- 
Governmental Organisations (NGOs) and the regulators, on 
impacts including employment, environment, health and safety 
etc. 
Ranking and Weighting 
Due to the limited timescales, the BPEO studies were all conducted almost 
exclusively using qualitative rather than quantitative data. As a result it was not 
possible to accurately score the options against each; this was the key reason behind 
the decision to rank the options against each other. The use of' ranking allowed 
assessment of options against each other without introducing a scoring range to 
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measure the relative perton-nancc; unfiortunately the approach provide(] no measure ()I' 
the relative differencc between the options. Figurc 2 provides an example of* how six 
options were compared against the BPEO assessment criteria. 
2. Example Radionuclide BIIEO Comparison 
ASSE SSMENTCRITERIA 
A a C' D E, F G 
r 
lu 
w 0 U 5z 9 U -5 
k 
.0 0 12, e ýj 5 
I 
OPTIONS Scored by Rank* TOTAL 
1. Continue DischargetoSea 7 1 1 1 1 1 7 19 
2. Diversion to IIA Waste Stream 4 3 3 2 3 2 3.5 22.5 
3. Chemical Precipitation 5 2 2 3 7 3 6 28 
4. Flectroch mical Reduction 3 5 5.5 5.5 5.5 5 3.5 
Chemical Reduction 3 5 5.5 5 3 5 3.5 
Ion Exchange 3 5 5-5 5 3 5 3.5 
-A IM LIPLIVIII 4111ý I CUIJLýU VIA A ucst uption ýi ana -worst option' = 7. Where options are given equai rank tric miapoint oi Inc 
rank is used to generate a total score. 
The use of 'weighting', which allows those criteria that arc considered to be of greater 
or lesser significance to have an increased or decreased influence oil the final output 
of the BPEO selection, was not adopted in the BPE-O assessments. 13NFL recognised 
that generating and applying 'weightings' can be very subjective and It is Important to 
obtain a consensus of opinion from a diverse group of people to identify the criteria 
considered to be of greater or lesser importance or significance. The radionuclide 
specific BPEO assessments were conducted by a relatively small inulti-disciplined 
group of people from within BNFL. Ideally, the group of people generating 
'weightings' would consist of a much larger number of people and include a balanced 
representation from all stakeholder groups to reflect the Full range ofopinions. Tile 
limited timescale to prepare the BPEO assessinents did not allow for external 
consultation and therefore the output of an internal *weighting' exercise could be 
regarded as non-representative or biased. The decision was therefore made to present 
the BPEO assessments without the use of 'weightings. This provides t1or a more 
transparent assessment, where the 'ranked' positions arc not adjusted or corrected by 
any 'weighting' of the assessment criteria. 
BNFL accepted the results from the studies (although the BPFO's performed reflected 
the Company's current operating position). However, stating this, ail independent 
peer review of the methodology and the Techiletium ("')Tc) study by the Dutch 
consultancy NRG (Van der Steen, 2001) was sought by BNFL 
Critique of BNFL Cuidance on BPEO 
In a bid to validate the overall methodology and, in particular, the findings from flic 
Tcchnetium-99 (99TC) study, BNFL requested that NRG carryout 111 independent pccr 
review of their BPEO study. Although NRG concluded that, in gcneral, the broad 
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conclusions drawn by BNFL in the 99Tc BPEO study were valid, and that the study 
has been carried out in compliance with the definition-of a BPEO as given by EA, 
they made some specific observations regarding the validity of the methodology. A 
summary of specific issues raised is presented here 8: 
The radionuclide specific focus of the BPEO methodology does not necessarily 
provide the BPEO for the main waste stream in question. As a result such an 
approach may lead to sub-optimal solutions. In light that BNFL carried out other 
radionuclide specific BPEO studies for the Sellafield site, NRG recommended that 
the information obtained from the individual BPEO studies should be combined 
into a comprehensive waste stream specific study, thus ensuring the assessment of 
the BPEO for the whole waste stream. 
There were fundamental objections to the inclusion of the 'Stakeholder 
acceptance' criterion on two grounds. Primarily, NRG argued that stakeholder 
acceptance belongs to the wider economical, social and political factors that have 
to be separated from the BPEO assessment as such. It is ýhe role of UK 
Government to consider the views of the different stakeholders after the 
consultation procedure carried out by EA, and to weight them in the final decision 
making process. Secondly, 'Stakeholder acceptance', as it is applied by BNFL, 
does not comprise a measurable characteristic of the options. Each stakeholder 
combines his own perception of the characteristics of the options with the 
fundamental philosophy he is attached to. The combination of all stakeholders in 
one criterion, using an equal weighting factor as a sort of neutralised influence of 
the different views of the stakeholders, is therefore not an appropriate means for 
assessing the BPEO. As a result 'Stakeholder acceptance' is an inherently 
subjective issue that can not be used as a criterion within Multi Criteria Analysis 
(MCA). 
" There were concerns about the qualitative nature of the information. Furthermore, 
although there was insufficient time to define weights or ranges of weights based 
on a more detailed analysis, concerns were raised by the ranking methodology 
adopted for option assessment because all criteria were weighted equally - 
reflecting equal importance of the criteria. Such an approach is only valid when all 
criteria can be expressed quantitatively in the same endpoint, but it is not possible 
in the qualitative approach. 
" There were concerns, for reasons of criterion dependency, whether the 'Time scale 
for implementation' criterion is useful as a separate criterion because time scale 
aspects are incorporated in some of the other criteria. For instance, the time scale 
to implement the options will affect the consequences of the options (e. g. public 
dose, size of waste backlogs), but it does not represent an effect itself. Therefore, 
it is questionable if time effects should be used (in this way) as a separate 
criterion. As highlighted in Chapter Five dependencies between assessment 
criteria in MCA are to be avoided. 
" Technical, feasibility is an important discriminating criterion for the options. 
However, the character of this criterion is quite different from others like lifetime 
cost and dose uptake. The latter are consequences of the options, given the options 
are implemented as planned. In contrast, technical feasibility means that the 
probability of realisation of the option is assessed, not the option itself. Thus, it is 
8 For a more detailed discussion readers are referred to the NRG document (Van der Steen, 2000). 
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the uncertainty with regard to technical feasibility which is of concern in the 
decision process. Firm decisions on options that contain unproven technology 
cannot be made as long as serious doubt on the feasibility of the option exists, 
which means that alternative options have to be kept open. There is also a 
possibility that the uncertainty in technical feasibility in an early stage translates to 
adjustments in the scores on one or more criteria at a later stage. 
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Planning The Research Workshops 
The broad objectives of this research, outlined in section 6.1, were articulated through 
the Preliminary Work Plan (Figure 1). 
On progressing through the Preliminary Work Plan, a number of external parties were 
approached to contribute to development of the research. It was decided collectively 
that the most appropriate manner to conduct the research was to apply the DMM in 
three different 'environments' (Boxes A, C, D) within two distinct workshops (Figure 
2). It was originally proposed that there should be four 'environments', with a Box B 
directly following Box A (as Box D follows Box Q to provide information regarding 
the application of LCA information from BNFL representatives in isolation. 
However, it became apparent that the BNFL Representatives' views on the 
application of LCA information could be obtained equally as well from Box D. Thus 
Box B was superfluous to the research, and Workshop One (WS 1) was reduced to 
Box A. 
Within each of these environments, the quantity of information presented to the 
decision-making group and the contributions/input from stakeholders varied (see 
Table 1) to enable the impact of stakeholder inclusion and LCA data upon decision- 
making to be ascertained from comparing the workshops. During Workshop One 
(WSI) BNFL representatives in isolation ran through the DMM, to reach a decision 
using information representative of that typically used for environmental decision- 
making within BNFL- During the initial stage of Workshop Two (WS2) (i. e. Box Q, 
BNFL and stakeholder representatives in collaboration worked through the DMM 
using the same environmental information as provided to BNFL representatives in 
WSI. However, during the latter stage of WS2 (i. e. Box D), the BNFL and 
stakeholder, representatives were presented with full environmental life cycle impact 
information for each of the decision options under study. For research purposes WS I 
ran prior to WS2, and a different group of BNFL representatives was used in each 
Workshop, although it was intended that both BNFL representatives groups should be 
as similar as possible in terms of experience and knowledge. WS I was held on June 
2nd at the BNFL Corporate Centre in Risley (Warrington), and WS2 was on July 29 th 
30 th at the Manchester Airport Hilton Hotel (Cheshire). 
There were no more than ten participants in any decision group, and there were no 
more than five BNFL representatives in any one group of decision-makers. The 
number of participants was kept deliberately low to aid the management of the 
experimental decision-making process. The participants were chosen to represent the 
many different views relevant to the decision in question (see Table 2). From the 
BNFL representatives, expertise was sought with regard to the 14C species, the DMM, 
regulation, environmental issues, finance, safety, and internal BNFL policy; e. g. 
Corporate Social Responsibility (CSR). The external stakeholders were persons 
considered to have a legitimate interest in the decision process or outcome. The 
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majority of the stakeholder representatives were recruited from the 
BNFL/Environmental Council National Stakeholder Dialogue Working Groups (e. g. 
Business Futures Working Group, Discharges Working Group and the Spent Fuel 
Management Option Working Group). The, participants were chosen from these 
groups because they are familiar with the major issues facing the nuclear industry, but 
are also diverse enough to represent a wide variety of opinions. Specifically expertise 
was sought from the Nuclear Industry Inspectorate (NII), relevant Trade Unions, the 
Local Authority, BNFL ALFA9, the Department of Trade and Industry (DTI), the 
Environment Agency (EA), Independent Nuclear Policy Analysts, Environmental 
Consultants and Non-governmental Organisations (NGOs; e. g. Greenpeace and 
Friends of the Earth). Unfortunately the latter four representatives were unable to 
attend WS2; however, the Independent Nuclear Policy Analyst and Environmental 
Consultant did review the output from WS2 and their comments were obtained via 
telephone conferences. 
In order to familiarise the participants with the study and the research goals, identical 
introductory packages were provided for each of the participants prior to the 
workshops. These packages comprised of two components. The first, which was 
distributed a couple of week before the workshops, introduced the research goals and 
the decision subject, whereas the second, which was distributed a few days before the 
workshops, introduced the BNFL DMM and the options to be appraised. Both 
packages are presented in Appendix P. 
A number of convincing arguments for the facilitation of decision-making processes 
have been presented (see Phillips, 1989) and as a result independent facilitators are 
commonly used to aid the decision-making process. Two independent facilitators and 
a MADA expert (see Table 6.2), whose primary role was to guide the decision groups 
through the workshops, particularly the scoring and weighting stages of the 
assessment, were utilised within this research. The workshops' agendas, presented in 
Appendix Q, were kept flexible so that they could be altered depending upon the 
group outcomes and dynamics. 
To enhance the decision-making process, computer technology was utilised to ensure 
that all participants had a clear understanding of the process and were aware of the 
contribution from individual participants throughout the process. There are a number 
of arguments for the application of computer technology within such environments; 
the integration of good computer tools with effective facilitation can provide a more 
effective group decision support environment than either by itself (see section 5.5.3, 
and more s ecifically Phillips, 1989). The Logical Decisions for Windows software ý01 
programme was used, with projection equipment to enable the entire group to see 
the output from scoring, weighting and sensitivity analysis. 
9 In November 2002 the Government announced a restructuring of the public sector civil nuclear 
liabilities in the UK and declared its intention to create a Liabilities Management Authority (LMA), 
now known as the Nuclear Decommissioning Authority (NDA), that would take responsibility for those 
liabilities. Prior to the creation of the NDA, BNFL ALFA (to denote its function of holding Assets, 
Liabilities and Funds, along with the associated Administration) will act as BNFVs own 'internal, 
NDA. 
10 see www. lopicaldecisions. com 
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An important aspect of this research related to how the outcome of the different 
workshops was assessed/recorded. To examine the decision-making process an audit 
trail was required. This was achieved using notes taken during the workshops and 
video recorded accounts, both of which were used for further examination of the 
decision-making workshops. In addition transcribed reports (outlining the key stages 
of the workshop and issues raised) were produced by The Environment Council and 
circulated to the respective participants following the workshops; the reports produced 
from WS I and WS2 are presented in Appendix R and S, respectively. 
The evaluation of decision-making techniques improves understanding which in turn 
allows decision-making processes to be conducted more transparently. It was 
therefore important to address the research goals through evaluating the participants' 
views. Advice on how to approach this was sought from the University of Surrey 
Department of Psychology. Evaluation of decision-making can explore two key 
aspects: how the activities take place (the process), or the results of the process (the 
outcome). This research focuses specifically upon the procedural aspects of decision- 
making, although some attention was paid to the decision outcome. There is little 
consideration in the academic literature of how participation affects the process or 
outcome of decisions. Hence whether a particular decision-making method may be 
considered successful when applied to a particular situation usually remains 
undetermined. A review of techniques for the evaluation of participatory processes 
in Chapter Five highlighted a number of different evaluation criteria: 
Webler's (1995) fairness and Competence criteria. 
Beierlc's (1998) Social Goals criteria. 
Rowe & Frewer's (2000) Acceptance and Process criteria. 
One-to-one semi-structured interviews, composed around the criteria defined in the 
three evaluation methodologies, were conducted directly after the workshops ". An 
anonymous summary of the outputs from these questionnaires for WSI and WS2 is 
presented in Appendix U and V, respectively. Owing to the small sample of the 
interviewees, statistical tests were not applied. 
11 Such an approach was adopted because developing the structure of questionnaires is often 
contentious. For example, Breakwell (1995) has suggested that structured interviews with 
predominately closed-ended questions leave little room for unanticipated discoveries; on the other 
hand, completely unstructured interviews can sacrifice the comparability of responses. However, Petts 
(1997) has expressed the view that 'qualitative research is essential for understanding the dynamics of 
social and decision processes. It provides for understanding of the perspective of the individual 
through their own words and actions, and over such comparatively lengthy periods allows for 
examination of the dynamic process of expertise sharing and development' 
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Figure 1. Preliminary Work Plan 
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Figure 2. The Research Process Diagram 
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Table 0.2 Workshops' Participants 
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BNFL Decision-Making Workshop (291h /30th July 2003) 
Preliminary Information Package (A) 
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1. Introduction 
The running of the Decision-Making Workshops, the outline of which are presented in 
this document, represents the final stage of a Engineering Doctorate (EngD) carried 
out in collaboration between the University of Surrey and British Nuclear Fuels Plc. 
(BNFL). The research is focussed specifically upon the development of decision- 
making strategies within the BNFL which take account of the principles of sustainable 
development. 
This document provides all participants with a brief introduction to: the EngD 
programme; the specific goals of this final stage of the research; the proposed 
decision-making methodology; the decision subject; and, how information on the 
decision-making process is to be obtained and subsequently presented. A second 
information package (giving joining instructions, a broad agenda, and further 
information on the decision-Making methodology and decision options) will be 
distributed a few days before the workshop. If any participants have any questions 
regarding any aspect of the workshops they can be forwarded to: 
Sean Shiels E-mail: sean. shiels@BNFL. com 
British Nuclear Fuels Plc. Tel: +44 (0) 1946 785522 
Sellafield Fax: +44 (0) 1946 785584 
Cumbria 
CA20 lPG 
2. The Engineering Doctorate 
The University of Surrey Engineering Doctorate (EngD) in Environmental 
Technology programme was set up in 1993 in response to a belief that the traditional 
PhD research degree did not adequately prepare researchers for careers in industry. 
The majority of the EngD programme is in the form of an industrial research project 
carried out within a sponsoring company. Those selected for the programme are 
recruited as Research Engineers (REs), each undertaking research in association with 
a specific sponsoring industrial organisation. 
The Engl) sponsored by BNFL aims to develop the understanding of the issues 
surrounding environmental decision-making and investigate and develop possible 
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remediation approaches by focussing upon two distinct components of environmental 
decision-making processes. 
Initially, the project explored the controversies surrounding the, radiological and non- 
radiological impacts posed by nuclear activities. Within the UK regulatory 
framework the radioactive and non-radioactive environmental impacts of nuclear 
facilities are regulated separately. lberefore, this project initially investigated the key 
radiological and non-radiological impacts posed by various options for the abatement 
of Carbon-14 (14 C) arising from the Scllafield site. 
The second constituent of this work recognised that the lack of public confidence in 
the nuclear industry is not solely due to a lack of public understanding but relates 
instead to the environmental decision-making process. This work will therefore 
enhance the understanding of environmental decision-making within the nuclear 
industry through developing, applying and assessing the application of a more 
deliberative approach to environmental decision-making. 
3. The Research Goals 
Although this EngD is focused upon the development of a more sustainable decision- 
making strategy for BNFL, this particular aspect of the research is specifically 
concerned with the research application of a developed decision-making process. The 
four specific goals of this research are to consider the application, and capture 
participants' views on the effectiveness of. (A) information provision for decision- 
making; (B) stakeholder inclusion and interaction upon the decision-making process; 
(C) the BNFL Decision-Making Methodology (DMM), and its ability to structure 
decision-making; and, finally, (D) assess how each of the previous components 
(A, B, C) influence the overall acceptance of the decision-making process. 
These research goals will be assessed through comparing two workshops, one where 
BNFL experts in isolation will run through the decision-making methodology and 
make a decision (2 ind June 2003), and one where a separate group of BNFL experts, 
working in collaboration with stakeholders, will repeat the process using additional 
environmental information (29h/30'h July 2003). 
4. The Decision-Making Methodology 
The methodology used for structuring the decision-making throughout the workshops 
is the BNFL draft Decision-Making Methodology (DMM) developed by BNFL. The 
methodology follows the comprehensive Multi-criteria Analysis (MCA) approach, 
described by the Department of Transport, Local Government and the Regions 
(DTLR, 2001 )12,13 . The purpose of the DMM is to provide guidance for undertaking a 
range of assessments that require the evaluation of a number of options, to achieve a 
pre-detennincd end-point or decision. 
The DMM is a 'step' process that breaks the decision-making assessment down into 
seven key stages that must be completed in-turn to arrive at the decision. This 
structure allows every decision-making process to follow the same key steps to 
12 Formerly the Department of the Environment, Transport and the Regions (DETR). 
13 DTLR. (200 1). Multi-Criteria Analysis: A Manual. 
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promote consistency in approach, but also recognises the need for flexibility in the 
methodology to address specific decisions. A brief description of the key DMM 
stages will follow in the second information pack. 
The DMM takes a broad scope and incorporates flexibility to allow the definition of 
specific information and boundaries at various stages within the methodology. For 
the purposes of this research some of scope has been predetermined reducing this 
flexibility. Stages at which this has occurred will be identified and shared with 
participants prior to the workshops. 
4.1 The MCA Methodology 
Multi-Criteria Analysis emanates from the decision support field. The technique is 
based on decision/value trees or hierarchies where objectives or criteria can be traded 
and compared across different dimensions of value using rating, ranking and paired 
comparison methods to assess the alternatives against a chosen set of, criteria. MCA is 
a way of looking at complex problems that are characterised by any mixture of 
monetary and non-monetary objectives, of breaking the problem into more 
manageable pieces to allow data and judgements to be brought to bear on the pieces, 
and then of reassembling the pieces to present a coherent overall picture to decision 
makers (DTLR, 2000). A form of MCA that has found many applications in both 
public and private sector organisations is Multi-criteria Decision Analysis (MCDA for 
short - also known as Multi-attribute Decision Analysis, or MADA)14. MCDA serves 
as an aid to thinking and decision-making, but does not make the decision. As a set of 
techniques, MCDA provides different ways of desegregating complex problems, of 
measuring the extent to which options achieve objectives, of weighting the objectives, 
and of reassembling the pieces. MCDA provides an overall ordering of options, from 
the most preferred to the least preferred. There is no normative model of how MCDA 
analysis should be applied that is without its critics. However, the one that comes 
closest to universal acceptance is based on Multi-attribute Utility Theory (MAUT). 
To enhance the decision-making process computer technology will be utilised to 
perform the MADA. There are a number of arguments for the application of 
computer technology within such environments (Phillips, 1989)1 5. Thus, the positive 
aspects of computers, along with their superior ability to handle information, can be 
used to enhance the capabilities of both facilitator and group. As a result in 
appropriate work groups, the integration of good computer tools with effective 
facilitation can provide a more effective group decision support system than either by 
itself. 
5. The Decision Subject 
The following descriptions of the BNFL Thermal Oxide Reprocessing Plant (THORP) 
and the THORP Carbon-14 system are provided to ensure that participants are 
familiar with the background of the research and can consequently make the 
maximum contribution to the decision-making workshop. 
14 The MCDA technique essentially follows the same procedure as a conventional MCA. 
15 Phillips, L. D. (1989). People-c 
' 
entred group decision support. In G. Doukidis, F. Land, & G. Miller 
(Eds. ), Knowledge-based Management Support Systems Ellis Horwood, Chichester. 
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5.1 The Thermal Oxide Reprocessing Plant (THORP) 
For over 40 years, BNFL has been producing fuel to supply British and overseas 
nuclear power stations for the generation of electricity. Used nuclear fuel can be 
reprocessed and the reclaimed uranium and plutonium used to manufacture Mixed 
Oxide Fuel (MOx). The Sellafield THORP has been designed to reprocess used 
nuclear fuel from many modem reactors using a five-stage process: Feed Ponds; Head 
End Plant; Chemical Separation; and Uranium and Plutonium Product Finishing Lines 
(refer to Figure I- page 6). 
When the fuel arrives at THORP it is stored under water in large ponds before 
reprocessing; the water cools the fuel and also acts as a protective shield against 
radiation. PWR/BWR fuel is held in long steel containers known as multi-element 
bottles (MEBs). The MEBs are placed into storage racks and the fuel remains in the 
storage pond for at least five years, to allow short-lived radioactivity to decay. Within 
the Feed Pond, purpose built machines open the MEBs and remove the PWR/BWR 
fuel assemblies. These are then placed on a special carriage and elevated up an 
inclined chute into the shear cave. Within Head End the fuel assemblies are cut into 
pieces which are transferred into one of three steel dissolvers, each contains hot nitric 
acid. After several hours the fuel dissolves leaving empty pieces of fuel can behind. 
The Dissolver Off-Gas (DOG) system treats the acid vapours and gases evolved 
during the dissolution cycle. The acidic solution is transferred Chemical Separation 
via a centrifuge which removes any remaining solids. 
Meanwhile, the pieces of fuel can are transferred to the Waste Encapsulation Plant 
(WEP) for treatment and storage. During Chemical Separation uranium, plutonium 
and fission-product , wastes 
are separated from each other by solvent treatment of the 
acidic feed stream. - Within the initial phase, the uranium and the plutonium transfer to 
the solvent (a blend Tri-butyl Phosphate and Odourless Kerosene: TBP/OK) while the 
fission products remain in the acid and are sent for specialised treatment in the 
Vitrification Plant. Plutonium is further separated from the uranium by adding an 
aqueous reductant (uranous nitrate), which reduces the valency of the plutonium, 
affecting the plutonium's chemical properties. The plutonium transfers into the 
aqueous phase leaving the uranium in the solvent. The separated plutonium and 
uranium extracted during recycling can both be used to manufacture new nuclear 
fuels. The plutonium 'finishing' process initially involves chemically treating the 
purified plutonium liquid to produce slurry, which is filtered and dried in a furnace. 
The resulting powder is placed inside a triple-layered stainless steel can ready for 
storage in a purpose-built vault. Once separated from the plutonium, the uranium 
solution is concentrated by evaporation and sprayed into a heated vessel to produce a 
powder. The powder is stored and then packed into stainless steel drums. 
5.2 The Current THORP C14 System 
The THORP plant is designed such that virtually all the 14C produced during the 
reprocessing of fuel will be released into the Dissolver Off Gas (DOG) stream. The 
majority of this (98-99%), is in the form Of C02, with the remainder consisting of CO. 
Once in the DOG system (refer to Figure 2- page 7), the 14C passes through the Acid 
Recombination Column (ARC) and the Iodine Desorber Column (IDQ to the Caustic 
Scrubber, where it is removed from the gas stream. As the absorption process 
expends the sodium hydroxide, the spent caustic liquor is transferred to the Carbon-14 
Removal plant. This plant operates by reacting scrubber liquor with a barium nitrate 
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solution, which causes the precipitation of barium carbonate removing the "C from 
the liquor into a solid form. A small excess of sodium carbonate is added in order to 
4mop up' excess barium present in the liquor to prevent barium discharge to sea. The 
Sellafield Waste Encapsulation Plant (WEP) encapsulates the precipitate as 
Intermediate Level Waste (ILW) prior to repository disposal. 
6. Collection of Research Information 
This research focuses upon the procedural aspect of decision-making. The evaluation 
of decision-making techniques enables a greater understanding of decision-making 
processes and allows them to be conducted more transparently. Thus, there is a need 
to adequately evaluate the decision-making models that are proposed within this 
research. It has been decided that the most appropriate technique to address the 
research goals (i. e. the use of the DMM, stakeholder inclusion and information 
provision in the decision-making process and their influence on the acceptance of the 
final decision) is to determine the participants' views of the decision-making process 
throughout the running of the workshop and then post decision-making using a 
closing interview. 
The closing interviews will be audio taped and carried out face to face by the 
Research Engineer using semi-structured/open-ended questionnaires directly after the 
workshop. These will be analysed qualitatively. Owing to the small sample of the 
interviewees, statistical tests cannot be applied; thus the inferences made on such 
research outcomes are preliminary and subjective. 
In addition to the questionnaires two people (researchers) will observe and record the 
decision-making process, and the workshops will be video recorded to provide a 
suitable audit trail. The Environment Council will also produce an independent 
transcribed report/audit trail of the decision-making process. 
7. Application of Research Outcomes 
This research is at the forefront of research developments in the decision-making 
field, within the UK and Europe. As a result this research will have two key 
applications. Initially the outcomes will influence the manner in which BNFL 
approaches environmental decision-making and develop Company thinking on the 
principles of sustainability and the wider acceptance of environmental decisions. 
Secondly, the research will contribute to, and enhance, the ongoing debate 
surrounding decision-making within the nuclear industry. 
A draft of the final research outcome will be presented to the participants in a 
summary report which will be published within two months of the final research 
workshop; i. e. September 2003. Participants will be encouraged to comment upon 
this draft prior to final publication. 
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The Decision-Making Methodology (DMM) 
The methodology used for structuring decision-making throughout the workshop is 
the BNFL developed Decision-Making Methodology (DMM). The DMM is a 'step' 
process that breaks the decision-making assessment down into seven key stages that 
must be completed in-tum to arrive at the decision (Figure 1). 
Each stage of the DMM is briefly described within this document. However, to aid 
the provision of research outcomes a number of restrictions on the methodology have 
been implemented. The stages at which this has occurred are identified and shared 
with participants within this document. 
1. Establish Decision Context 
The scope of the DMM study, due to resource limitations and research goals, will be 
restricted to a choice between three options for the treatment of gaseous Carbon-14 
(14 Q arisings from the BNFL Thermal Oxide Reprocessing Plant (THORP); solid 
encapsulation, marine discharge and aerial discharge". The small number of options 
will aid facilitation, decision-making and enhance the overall outcome of the research. 
As this is a research application of the DMM (a proper assessment would/should 
address all available options) this limitation of options is not seen to be problematic. 
Consequently, the decision objective is to 'determine the Best Practicable 
Environmental Option (BPEO) for the treatment of Carbon-14 arisings from the 
BNFL Thermal Oxide Reprocessing Plant (THORP)'. 
Within the DMM methodology there are typically two parties involved in the 
decision-making process: Decision Sponsor and Decision Analyst 17 . However, within 
this research application of the DMM Independent Facilitation and Researchers' roles 
are also included. The respective roles and responsibilities of these 
individuals/groups are described below. 
1.1 Decision Sponsor 
The person who initiates or requests the decision-making process and is the 
responsible for ownership of the final decision. Within this research application of 
" Described further in stage 2 (Identify Options to be Appraised). 
17 Although a peer review team is also required to carryout an independent review of the assessment 
they are not directly involved in the decision-making process. 
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the DMM one of the decision analysts, appointed by the decision analysts group 
within the workshop, will adopt this role. 
L2 Decision Analysts 
Any person who contributes to the decision-making process. The Decision Analysts 
represents a number of perspectives on the decision under consideration and are 
assumed to have relevant knowledge exceeding general knowledge. It is important to 
note that the participants of the process are not required to be representative, thus 
socio-demographic and statistical issues have not been considered. 
1.3 Independent Facilitation 
The Environment Council's facilitation skills, and experience in planing group 
decision-making workshops, have been utilised. The facilitators' roles are to manage 
the workshops and facilitate co-operation. 
L4 Researchers 
Although the Research Engineer and associates (RE's industrial & academic 
supervisor) will contribute to various aspects the decision-making process, the 
principal role played will be that of researchers, noting the developments of the 
decision-making group and information gathering. 
The boundaries of any assessment must be set, such that the outcome presents 'no 
surprises'; i. e. avoid identification of an option that cannot be implemented. It is 
therefore necessary to outline and agree any business or regulatory constraints to 
&screen-out' non-starter options. However, within this research application of the 
DMM a hypothetical decision is being made and the researchers have fixed the 
available options., Consequently all risk(s) and constraints (e. g. financial, commercial, 
regulatory) are accounted for. Nevertheless, participants' views on the inclusion of 
constraints at this stage of the methodology will be sought. Timescales have been set 
to one day for the initial workshop and two days for the latter. A draft of the final 
research outcomes will be presented to the participants in a summary report which 
will be published within two Months of the final research workshop; i. e. September 
2003. Participants will be encouraged to comment upon this draft prior to final 
publication. Resource requirements are not of importance within this research 
application of the DMM. 
2. Identify Options to be Appraised 18 
The scope of the DMM study will be restricted to a choice between three options for 
the treatment of Carbon-14 (14C) arisings from THORP (see Figures I&2 in the 
initial information pack); solid encapsulation, marine discharge and aerial discharge. 
Z1 Option One: Direct A erial Discharge 
Within this scenario the off gases from each of the dissolvers are initially passed 
through dedicated updraught condensers. Steam is injected mid-condenser during 
18 As this is a hypothetical decision it has been framed in the present day (i. e. all plants are constructed 
and operational) and the assumption made that the front end of the plant, without significant alteration, 
could be optimised to remove NOx, Iodine, etc. prior to the caustic scrubbing stage. Thus, this study is 
isotope specific and assumes that the exhaust gas from the plug flow reactor, which is routed to the 
scrubber, consists solely of carbon dioxide (which contains the Carbon-14). 
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shearing which condenses and entrains most of the fuel dust particles and allows them 
to be washed back into the dissolver. The off-gases then pass through the Acid 
Recombination Column (ARC) allowing the absorption of nitrogen oxides and 
removal of residual amounts of fuel dust. This nitric acid is re-circulated around the 
column via the catch tank and transferred to the in the Iodine Desorption Column 
(IDC). 
The IDC allows for iodine to be desorbed by the action of a counter current air stream 
within a column parallel to the main dissolver off-gas system. The desorbed acid is 
collected within an acid catch tank and is recycled to the process with a contingency 
route to the Highly Active (HA) Evaporator. Gases leaving the IDC join the gases in 
the dissolver off-gas duct between the ARC and the Plug Flow Reactor (PFR). The 
PFR, which has two simple activities (removal of aerosols and oxidation of nitrogen 
oxide (NO) to nitrogen dioxide (N02)), accepts. the streams from the ARC and the 
IDC and routes them to the Weak Acid Column (WAC). The WAC intercepts the off- 
gases and treats them with chilled re-circulated water to remove entrained droplets 
and dehumidify the gases before filtration via the High Efficiency Particulate (HEPA) 
filters and discharge via the THORP stack. The liquor from the WAC is re-circulated 
around the column via a catch tank, which is provided with a water bleed. The liquor 
from the catch tank is transferred to the Salt Free Evaporator (SFE) in chemical 
separation. The DOG stream containing the 14C is then discharged to the aerial 
environment via a 92.5m stack. 
Z2 Option Two: Marine Discharge 
Scenario Two is identical to Scenario One with the. exception that a Caustic Scrubber 
is added for the treatment of the aerial discharge stream. , The Caustic Scrubber 
accepts the stream from the Plug Flow Reactor (PFR) and routes it, after treatment, to 
the Weak Acid Column (WAC). The Caustic Scrubber Column removes carbon 
dioxide (COA Sodium hydroxide (NaOH) is continually circulated around the 
column via a catch tank. There is provision for the injection of C02 into the column 
to increase the Decontamination Factor of 14C. Spent sodium hydroxide, containing 
14C as sodium carbonate, is transferred in batches from the catch tank and routed 
through the Low Active Effluent (LAE) treatment plant prior to marine discharge. 
Z3 Option Three: Solid Discharge 
This scenario is identical to Scenario Two except that the liquor from the Caustic 
Scrubber is not discharged directly to the manne environment but is treated by the 
Carbon-14 Removal Plant which removes 14C from the dissolver off-gas caustic 
scrubber liquors. Batches of caustic solution from the caustic scrubber catch tank are 
transferred to reaction vessels within the 14 C removal cell. Barium nitrate (Ba(N03)2) 
solution is added to precipitate 14 C as insoluble barium carbonate (Ba2CO3). This is 
followed by the addition of a small excess of sodium carbonate (Na2C03) in order to 
6mop up' excess barium and prevent barium discharges to the marine environment. 
The contents of the reactor are allowed to settle and the supernate is routed to the 
supernate stock tank. After sampling, to confirm the residual activity, the effluent is 
sent to the Break Pressure Tank for marine discharge. The settled barium carbonate 
precipitate and residual solution is transferred from the reactor to a decanter for a 
further settling period. The supernate from the decanter is recycled to the reactor 
vessel and the barium carbonate precipitate is transferred via the 14C slurry metering 
493 
Appendix 
tank to the Head End Mechanical Plant for containerisation, and eventual export to the 
Waste Encapsulation Plant (WEP). 
The WEP is responsible for encapsulating the barium carbonate slurry within a 
concrete matrix. The slurry is transferred, from THORP Head End Mechanical Plant, 
to the WEP plant filling station where the waste slurry is metered into containers. 
This slurry is then mixed with a Blast Furnace Slag (BFS) and Ordinary Portland 
Cement (OPQ blend. A 'sacrificial' carbon steel paddle sweeps the container to form 
a homogenous mixture; the paddle is disconnected and left in the container. The 
external' surface of the drum is decontaminated before it is transferred to the 
intermediate curing station. For the capping operation a 3: 1 PFA: OPC blend is used. 
The resulting encapsulated product is then transferred onto a stillage for transfer to 
Encapsulation Plant I (EPI). Effluents from the plant are routed, depending upon 
their constituents (i. e. whether they are radioactive or non-radioactive), to the Site Ion 
Exchange Plant (SIXEP) or the Seabum sewer, respectively. - 
3. Identify and Define Assessment Criteria 
Within this research application of the DMM the assessment criteria and value tree 
have been set as'those'that are typically used for decision-making within BNFL. 
Participants can, however, suggest further criteria, for inclusion. Nevertheless, the 
participants' suggested criteria, due to time constraints, can only be assessed in a 
qualitative manner. 
4. Select Appropriate Methodology 
The application of the Multi-Criteria Decision Analysis/Multi-Attribute Decision 
Analysis (MCDA/MADA) methodology is pre-selected due to the findings of 
previous research. The majority of the data (a combination of qualitative/quantitative) 
utilised for, decision-making has been quality assessed and will be presented by 
BNFL. 
5. Assess Options' '-ý 
The assessment of options will be carried out in full - however, due to time 
constraints, a full re-assessment cannot be carried out. 
6. Present Results 
The MADA takes account of all relevant 'technical' factors19 . Sensitivity analysis 
will be applied to the MADA output and the best option will be taken forward for 
further assessment. -In cases where a major feature of the assessment relates to the 
reduction of radiological discharges, then CBA can be used to ascertain whether a 
discharge option gives - proportionate gains in benefit when compared to costs. 
However, other socio-political considerations must also be taken into account for 
many decisions. 
The final decision outcome will be presented to the participants at the close of the 
workshop. - However, 'the final research outcomes, presented as a draft summary 
report for comment, will not be available until September/October 2003. 
19 Due to time constraints Strategic Action Planning will not be applied. 
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7. Implementation 
This research is focussed 
decision-making process. 
on the process of decision-making not the outcome of the 
Thus, it is not the intent to utilise the decision outcome. 
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Figure 1: Thc BNFI, Decision-Making Methodology (DMM) 
1. Establish (lie Decision context 
* Agree Decision scope and objective(s) 
4 Outline roles and responsibilities ot'Decision Sponsor(s), Decision Analyst(s), Peer 
Review Tearri(s) and identify Stakeholders 
4 Identify and outline the Decision parameters, constraints and risk(s) 
+ Agree timescales and resource requirements for Decision making process 
_ý 
J_ 
........................ > 2. Identify the options to be appraised 
+ Consider all options 
* Include a 'continue as at present' option 
4 Avoid pre-selection of a preferred option 
4 Screen against constraints and park non-feasible options 
4 Utilise groups ofExperts (brainstorm) 
3. Identify and define assessment Criteria 
* Select criteria for option assessment against Decision objective(s) 
* Agree and document criteria definitions 
(W 4 Organise criteria hierarchy into a Value Tree 
4. Select appropriate methodology to assess Options against Criteria 
* Collect data and identify/address data gaps 
* Consider data availability and quality; decide on qualitative/quantitative 
or combination data for evaluation 
4" i 
5. Assess Options 
* Apply assessment methodology selected in 4.0 
* Record all decision making and reasoning 
- 
6. Present (lie results 
Determine option performance (i. c. calculate scores) 
Perl orni sensitivity analysis 
* Select best option (in some cases, more than I option will be 
progressed) 
* Consider need for re-assessnient it' initial assessment fails to achieve 
objective(s) 
* Assess potential for decision conflict 
Assess risks. Use Strategic Action Planning where there is significant 
uncertainty. 
7. Implement, monitor and review 
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PARTICIPANTS 
Sean Shiels 
Dawn Garner 
Don Allan 
Martin Clough 
Bernard Courtney 
Bob Morley 
Mat Simmonds 
Richard Harris 
Rhuari Bennett 
Alan Pearman 
Researcher (University of Surrey) 
Researcher (BNFL) 
Decision Analyst (BNFL) 
Decision Analyst (BNFL) 
Decision Analyst (BNFL) 
Decision Analyst (BNFL) 
Decision Analyst (BNFL) 
Facilitator (RJH Associates/The Environment Council) 
Facilitator (The Environment Council) 
MADA Expert (University of Leeds) 
PURPOSE FOR TODAY (WORKSHOP ONEM 
Using BNFL's'DMM'- assess options for the abatement of C14. 
Contribute to the development of decision-making processes within BNFL 
(and contribute to wider research in the field of decision-making). 
AGENDA - (DRAFT) (2) 
Purpose, agenda, groundrules 09.00 
Overview of BNFL'DMM' 
Decision context and options 
Introduction to MADA 12.30/13.00 
Criteria 
Scoring and Weighting 
Bias + sensitivities 
Leading option 
Final discussions + close +16.30 
GROUNDRULES (3) 
One speaking at a time 
Punctuality 
Mobiles OFF 
* Shared responsibility for the wall record (flipcharts) 
Sean presented the Decision Making-Methodology and the various 
constraints that decisions are taken under. A brief discussion was held about 
possible additional constraints to decision-making. 
ADDITIONAU POTENTIAL CONSTRAINTS (4 & 5) 
" Legislative limits 
" Technical feasibility 
" Financial viability ->'ballpark' estimates may eliminate options 
" Time to implement 
" (Worker dose) criteria not a constraint. 
'Constraints' and 'criteria' can easily be confused 
DECISION-MAKING METHODOLOGY (DMM) (6) 
''I 
" Data and Balance Sheet is compiled by BNFL, not by stakeholders. 
" Stakeholders views are presupposed and estimated to incorporate 
sociolpolitical issues. 
" Questionable as to how far these can really be incorporated in cost/benefit 
analysis. 
" Sensitivity analysis can pick up an indication of where this is particularly 
relevant 
" Stakeholders could be involved at different stages if needed (but typically 
aren It) 
The context in which BNFL operates has now changed 
NDA will be Decision Sponsor 
BNFL will be Decision Analysts. 
" NDA could therefore dictate who is involved in the. decision. 
" Depends on the decision being made 
-> Roles will change. 
" NDA may require BNFL as site licensee, to present various options for 
different decisions. 
CARBON-14 (14C)_(g) 
14C contributes perhaps around 10% of Sellafield's discharge of dose. 
Emphasised by regulators but less so by the local community. 
Working assumption that statistical risk is 10-7 
Although this is current estimate, some stakeholders would disagree. 
Less 14C is produced than was anticipated 
Sean set out the "research'context of today's work and explained that due to 
the short time available he had predefined the Options that would be used for 
the Decision scoring. He also presented a range of criteria which the group 
used as a 'starting list'to add to and change. 
OPTIONS (11) 
Assumption that Iodine can be removed prior to scrubbing is not 
necessarily right - but using it for today. 
ATTRIBUTES (12) 
The ones proposed are baseline attributes - others can be added. 
"Technical Confidence" includes the rate and pace of abatement. 
Technology Table illustrates annual figures for THORP throughput of 
1 OOOt/yr 
SCORING (13) 
0= WORST 
10 = BEST 
Therefore in each column, there must be 0,10 and others in between. 
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SCORING DISCUSSION #1 (15) 
Accident Risk 
-> Mitigation measures could be designed into the plant to meet safety 
case 
-> We're assuming a safety case could be made. 
Secondary Waste 
--> Scored for ILW + LLW so renamed criteria to "Waste: ILW + LLW 
Tech. Confidence 
Risk associated to changing the status quo: problems are already 
Known and understood! 
But, the less plant in operation, the more confidence exists. 
Options 2+3 are better known technologies than Op 1. 
Exclusion of non - 14c species makes this criteria over simplistic. 
Could be dropped (as not a real differentiator) if constraints were 
revisited, and "risk associated to option change'was included. 
Compatibility 
Again, risks associated with changing current set-up 
Need to add in'Option Complexity' criteria. 
POSSIBLE CRITERIA (10+18) 
Worker dose 
Stakeholder acceptance not in DMM 
Wastes/volumes/form (ILW + LLW) 
Accordance with BS current regulations (component of Balance Sheet). 
Accordance with site BNFL targets. 
Risk assoc. to operational change. 
Long term management of waste. 
Operational complexity/risk. 
Risk Associated with Option Change 
Scale: degree of change away from current system 
Uncertainty: risks of moving away from current system 
Add this as new criteria 
UNCERTAINTIES (191 
* Final disposition route: ISS or other? We're assuming ISS is acceptable 
WEIGHTING (20) 
e The importance of moving from "worst" to "best" within each criteria 
WEIGHTS DISCUSSION #1 (21) 
Surprise over Rad Impact: 
Seems too heavy as impact is so low 
Heavy due to 'perception' of impact not'actual' impact 
NB: One dot moved to compatibility..... 
Chem Impact - there are large amounts of chemicals being used. 
As discussions progressed, notes were made to one side for attributes that 
could potentially be sensitive to changes in scoring or weighting - for testing 
on the software later (see overleaO. 
POTENTIAL SENSITIVITIES (14) 
Rad. Input (Option 2) 
Worker Dose (inclusion of non - 14c) 
Accident Risk 
Technical Confidence 
Compatibility,, 
Chem Impact, ' Rad Impact. 
Lifetime Costs 
The MADA software allowed participants to see immediately how altering 
some of the scorings or weightings affected the leading option. Various 
sensitivities and biases''were applied, and the effects recorded. 
SENSITIVITY ANALYSIS (22) 
9 Rad Impact: 
-> If weighting removed, Ops 1&2 become much closer 
0 Worker Dose: 
7> If increased hugely, Ops 1&2 become closer - 
, -> 
In isolation, weighting would have to be around 75% to switch 
preference to Option 1 (from Option 2) 
-> Implications of this sensitivity are unclear though 
0 Costs, 
-> 1 overtakes 2 only after a substantial increase in weighting 
0 Technical Confidence 
IV V VI VII Vill 
op. 1 -10 
0 0 0 
-10 
Op. Z 5 5 10 0 0 
Op. 3 0 10 5 10 5 
" ,, -This means. -., that whatever scores you put on each Option, number 2 is best. 
" -, Accident Risk,. 
If scoring swapped around... Op. 2 stays ahead but 1&3 become very 
close 
Compatibility 
-> Option 3 goes ahead if weighting increased massively Chemical Impact 
-4 If weightings-of Rad. Impact are swapped with Chemical Impact... 
Option 2& Option 1 become equal. 
, -> If Rad. Impact weights removed completely... Option 1 starts to lead (weighting added to Chemical Impact). 
-> If Rad. Impact removed and spread equally across other attributes 
Option 1 stays in the lead Oust). 
ENVIRONMENTAL BIAS WOULD (26) 
Increase... 
Resource use 
Chem Impact 
Rad. Waste 
Secondary Waste 
Decrease... 
Costs 
Implementation time 
ECONOMIC BIAS WOULD (27) 
Increase... 
Lifetime cost 
Implementation time 
Rad. Waste 
Resource Use 
Decrease... 
-> Rad. Impact 
ECONOMIC BIAS RESULT (28) 
e- Option 2 is best; Option 3 is significantly worse! 
ENVIRONEMNTAL BIAS RESULT (29) 
* Option 2 ahead but Option 1 is not far behind 
TECHNICAL RESULT (30) 
Option 2 is consistently the best, under all biases and nearly all sensitivity 
analysis. 
Option 3 is nearly always the worst 
BLANK IN 
ORIGINAL 
Sean then introduced the Balance Sheet Information to see if it would affect 
the decision that participants had taken. 
BALANCE SHEET INFORMATION (31) 
" Financial implications of moving away from Op. 3 would need to be looked 
into and carefully considered because the fixed costs of building the plant 
have already been incurred 
-> None are justified on CBA grounds 
" Additional socio-political criteria would be: 
Intergenerational equity 
Stakeholder acceptance 
" Question of how stakeholders actually represent the broad range of public 
views 
" Vocal stakeholder groups often can carry a large 'silent' membership in the 
public... but we don't know how big/influential. 
" Also an issue of when to involve external stakeholders 
'CBA' needs to be analysed more deeply -> is there a real business case? 
CBA only looked at dose, as expressed in E 
Use of "efficiency frontiers" brings clarity to the choice 
Summa 
Technically, Option 2 leads still. 
CBA would need more work. 
Socio-political uncertainties would also need to be 
reduced. 
WAY FORWARD (34) 
These flips will be transcribed and circulated within 2 weeks 
Final report will be circulated to everyone/covering both workshops) 
POINTS FOR WORKSHOP #2 
Cover what happens after WEP -> ILW storage. 
Go through flow diagrams slower! -> Add Ws to diagram. 
Cover 14C decision-making history (? - needs clarity) 
Cover % discharge between 3 options. 
Consider whether to NOT let people know that option 3 is currently used. 
Emphasise 'revisiting' 14C decision. 
BLANK IN 
ORIGINAL 
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Backwound 
This transcript outlines the discussions held in a research workshop hosted by 
British Nuclear Fuels (BNFL) on developing more sustainable environmental 
decision-making strategies. Focussing purely on the process of decision- 
making, not the outcome, using a BNFL developed structured decision- 
making process the research goals were to consider the application, and 
capture participants' views on the effectiveness of: 
11-1 Information provision for decision-making; 
(b) Stakeholder inclusion and interaction upon the decision-making process; 
(c) A BNFL developed decision-making framework; and 
(d) How each of the above components influences the acceptance of the 
decision-making process. 
hypothetical decision subject was the management of Carbon-14 arisings 
the BNFL Thermal Oxide Reprocessing Plant (THORP) located at their 
Weld site in West Cumbria. 
This report is a direct transcript of the flipcharts written in the workshop, apart 
'r-- -- - 
-A- - -- 
AL- 
- -- ýa- V---- - -J A--. 1 !. - -I- - -f- -1 
1- - --- - 
Attendees 
Facilitators: 
Rhuari Bennett The Environment Council 
Richard Harris Facilitator 
Alan Pearman University of Leeds 
Participants: 
Glyn Davies 
Nigel Donaldson 
Mark Drulia 
Jeremy Edwards 
John Hetherington 
Grace McGlynn 
Howard Rooms 
Rex Strong 
John Waring 
Nuclear Installations Inspectorate (NII) 
British Nuclear Fuels (BNFL) 
Department of Trade and Industry (DTI) 
British Nuclear Fuels (BNFL) 
Cumbria County Council (CCC) 
British Nuclear Fuels (BNFL) 
Trade Unions (TU) 
British Nuclear Fuels (BNFL) 
British Nuclear Fuels (BNFL) 
Researchers: 
Roland Clift University of Surrey 
Dawn Garner British Nuclear Fuels (BNFL) 
Sean Shiels University of Surrey/ British Nuclear Fuels (BNFL) 
Apologies: 
Dave Ferguson Environment Agency (EA) 
Pete Wilkinson Independent Green 
Location 
Manchester Airport Moat House 
Altrincharn Road 
WILIVISLOW, 
Cheshire 
SK9 4LR,, 
Agenda 
29th July 2003 - Day One, 
11.00 Purpose, agenda', ground rules, etc 
Overview, decision context 
Options 
Introduction to MADA 
1,12: 30 Lunch 
Criteria/Attributes, 
Scoring of Options 
Weighing of C rite ria/Attributes 
Initial/results (apply bias etc... 
Leading option? 
18: 00 Dinner 
30th July 2003 - Day Two 
08.30 Evaluation and Prog. 'Review' 
New information 
Review scoring/weighting.,. - New results 
12: 30 Lunch 
- Confirming results and conclusions',,,, 
- Thewayforwaid, 
15.00 Workshop Close', '., 
Ground Rules 
One person speaking at a time 
Mobiles/Bleepers turned Off 
Be punctual 
Introduction 
No role-playing required. 
Aim is to gather your (i. e. your organisation's) views on the BNFL 
Decision-making Methodology (DMM), attributes and style of stakeholder 
engagement. 
Some sectors aren't included, but they will input into the work by reviewing 
the work remotely. 
Sean presented the Decision Making-Methodology and the various 
constraints that decisions are taken under. A brief discussion was held about 
possible additional constraints to decision-making. 
Potential Constraints 
Disproportionate risk to an individual/group. 
Technical feasibility. 
Method of identifying primary options could be a constraint in itself 
because stakeholder groups may not buy into them. Significant 
Stakeholder objection: 'unacceptability to stakeholders 
Unacceptability to the NDA. 
Permissible/legal options. 
Maybe not, as you wouldn't want to exclude a potential good options 
because it wasn't currently allowed. 
Constraints Notes 
" Need to be aware of dangers of involving this 'first sieve' for some 
stakeholder groups. 
" Need to recognise difficulties in identifying who the stakeholders are: e. g. 
Local/National. 
Some constraints could be included as attributes if they are not as 'major'. 
Perception plays a large role in whether a constraint is included or not. 
Need to be clear about the rationale for having certain constraints. 
Permission/legality is a constraint - or should this be an attribute so as not 
to exclude certain options. 
0 Would need to be sure that Carbon-14 is worth abating, rather than other 
abatement that could be done - need a clear rationale. 
Need to move Mp a level (or more) in decision-making framework. 
Need to state assumptions. 
0 Need to involve stakeholders early on so it isn't an issue later. 
Sean set out the 'research' context of today's work and explained that due to 
the short time available he had predefined the Options that would be used for 
the Decision scoring. He also presented a range of criteria which the group 
used as a 'starting list'to add to and change. 
Context of Workshop 
" Scenario are 'as - is' in reality, so plant does exist. 
" All 3 options assume this: 
- Option 1: Air , 
- Option 2: Sea-, 
- Option 3: Solid (land) - this is current abatement option. 
These options are limited only due to the fact this is research, not a 'live' 
decision. 
Current scenario is based on predictions of Carbon-14 that were more 
pessimistic than in reality actually emerged. 
Political context was a driver (through environmental concerns) for current 
option. 
Changes in political context need to be taken into account. 
For example, Carbon-14 didn't become a real issue for THORP until 10 
years after it was built. 
Additional Proposed Criteria 
" Security/vulnerability? 
" Sustainability? 
" Secondary Waste - Radiological & Chemical? 
" Jobs created? 
" Socio-political balance, sheet? 
" Energy use/balance? 
" Intergenerational equity? 
Criteria Discussion 
" Sustainability: where does it fit into the criteria/attributes? 
- Hard to quantify 
- But needs to go in! 
" Could include sustainability issues later, after the 'technical' MADA: but 
this appears bolted on and not properly considered. 
This methodolog factors in sustainability issues later, despite questions 
over whether or not that is a good idea. 
"A better alternative may be to factor in socio-political issues early: at least 
all together with, to note b, efore, the technical aspects. 
Current DMM was designed to make things more transparent by 
separating technical and socio-political factors for clarity. 
" If a MADA is being done, all attributes should ideally go in together. 
* There is a need for effective integration: 
'Scientific' lobe 
Natural & 
Physical 
'Business' Lobe I 'Societal'lobe ro ý-al & 
Eco omics Macro. 
mic 
Te=log&yF/////////4 Economi' 
c 
Sustainable Development 
Lack of integration is a problem. 
Leads to another type of lack of transparency. 
Current DMM is only transparent in terms of the technical MADA. 
Just delays the difficult part of the decision! 
For today, we'll build all socio-political issues in as one additional criteria. 
There is danger in doing this due to how much (or little) it gets weighted. 
All criteria need to be more clearly defined. 
Some criteria need breaking down into sub-criteria so can be used as a 
checklist for future decisions: e. g. socio-political Factors. 
Criteria are phrased in the negative ... and scored in terms of the 'avoidance of harm' rather than 'achieving benefit'. 
Additional Criteria Discussion 
Security It will get raised by stakeholder groups 
- But not really an issue for Carbon-14 so we'll leave 
it out today. 
- Needs including in DMM normally though. 
- The issue is that 'concentrate + contain' brings 
with it issues of security and terrorism. 
Intergenerational Would be scored very differently by different 
stakeholders. 
We can make an assumption today that'Contain + 
Concentrate' is good (then test security). 
It's such a big uncertainty we'll leave it out today. 
Secondary Waste - All secondary waste to be included for this 
Decision. 
- But then we lose resolution between radiological 
and non-radiological secondary waste. 
- Could add an attribute 'radiological secondary 
waste'. 
Kev Uncertainties 
*I nte r-gene rational equity 
a- 
New Criteria 
9 Secondary Waste - Radiological & Chemical 
Socio-political Bias 
" Factors could include 
" Jobs created/lost 
" Intergenerational equity 
" Regulatory authorisations 
Scoring 
0 WORST PERFORMING 
10 BEST PERFORMING 
Personal score sheets track changes in opinion after discussion (a 
research need) 
Each of the criteria were discussed to ensure all participants understood their 
definition, and changes were suggested where appropriate., 
Phemical Impact' 
-Technology table implies Option I is best for this attribute as 'no impacf 
Attribute include's only operation and production, not storage! 
Radiological Impact. 
Score on basis of own opinion: can input stakeholders' views in the socio- 
political attribute. 
Accident Risk-, ', 
* Risk Probability x Consequence 
e Needs-to'be cleaýer! 
Product & Secondary Waste, 
Radiological chemical should be included as well. 
Only includes 'on site' impacts., 
Compatibility with Existing Systems 
Could also be expressed asdoes the option require new systems 
We're I assuming today that all options have the capacity to take the whole 
stream -even though in reality thisisn't true. 
Implementation Time 
Technically all options take the same amount'of time. 
It's the political time that alters the timescale. 
Lifetime Costs 
Fixed cost has already been incurred, so savings of options 1 and 2 are 
relatively small. 
Disturbance/Nuisance 
Transport affected personal scoring. 
But is relatively small impact. 
Range scores from 2-9, settled on 7. 
Worker Dose 
9 Range scores from 4-9 
Technical Confidence 
Can't distinguish between them so take it out as a criterion. 
I Option 3 is best as it already exists. I 
But this doesn't include the final disposal route (which the 'compatibility' 
criterion does). 
Compatibility with Existing System 
" Again, confusion over whether this includes - technical systems only 
" Regulatory system? 
" Today: doesn't include regulatory system. 
As discussions progressed, notes were made to one side for attributes that 
could potentially be sensitive to changes in scoring or weighting - for testing 
on the software later (see overleaO. 
Sensitivities to Test 
" Socio-political factor. 
" Chemical impact (Option 2). 
" Implementation time (Option 2). 
" Turn round scoring. 
" Compatibility with Existing System. 
eiqhtinq 
How important is this difference? 
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Results at End of Dav One 
" Option 1 leading, Option 2 is in second place. 
" Therefore, technically Option 1 is best with our current weights and 
scores. 
" Option 2 will never be best on these scores, despite however much weight 
change and, - by applying sensitivities. 
The MADA software allowed participants to see immediately how altering 
some of the scorings or weightings affected the leading option. Various 
sensitivities and biases were applied, and the effects recorded. 
Chemical Impact 
Changing weights + scores doesn't change leading option 
But if Option 2 score were increased then although Option 2 wouldn't lead, 
it would become only just the 2nd runner. 
May be significant when we do socio-political factors. 
Implementation Time 
* If weight 
is A to 25% then option 3 starts to lead 
* Scale was small 
Comp'atibility 
_Weighting 
needs to be doubled before Op. 3 starts to. lead. 
If both starts for Implementation Time & Compatibility are turned on their 
heads, then Option 1, still leads. Option 2 is closer but Option 3 is clearly 
coming last. 
Radiological Impact 
If weighting is doubled, Option 2 leads very briefly before Option 3 leads. 
Sean then introduced the'Balance'Sheet Information to see if it would affect 
the decision that participants had taken. 
Balance Sheet 
Would the B/S or. other, Socio-political factors mean that Option 1 doesn't 
lead? -114 
OSPAR implications may 
Depends on, who's in the room 
Comments on Decision-making Methodology (DMMj 
How criteria, scores & weights are arrived at must be transparent. 
Criteria need to be chosen so they are not interdependent. 
It's the agreement of criteria & options that give any result its strength. 
" Beware of spurious accuracy: it's really only the rating of options that are 
helpful. 
" Decision-making needs to integrate the 3 lobes of the Venn diagram from 
the start, rather than factoring things in progressively. 
" Although the extent to which each lobe is factored in will vary for each 
decision: case-by-case. 
" Criteria need to deal consistently with events outside your control. 
e Needs to: 
- Look at LCA info. 
- Include Socio-political factors. 
" LCA info must be gathered before the DMM is started, so foreground and 
background are integrated. 
" LCA is only one tool that can inform the scoring of attributes. 
" Output from MADA/DMM depends on who are in the room. 
" MADA has acted as a learning framework for us because intuitively we 
supported Option 1. 
" Illuminates consequences of weights placed on criteria. 
" Useful for: 
Transparency. 
Consistency. 
Rigour. 
" But not as a 'cure' as it is. 
" Supporting tools available for the IDIVIM should be made clear: i. e. LCA is 
one and there are others... 
As DMM evolves, learning from its application should be fed back into its 
development. 
Level at which the DMM is applied is critical: sometimes you wouldn't 
apply it to the decision rigorously, sometimes you'd have to... 
Likewise, you wouldn't want to stipulate that stakeholders always have to 
be involved. Need therefore to carefully consider when and how you 
involve stakeholders into the decision-making process. 
Socio-economic criteria and information needs to be strengthened, as 
Technical and Environmental 'lobes' are included once the LCA 
information is taken on board. 
'Decision Context'stage could be used to identify whether you integrate all 3 
lobes at once, or treat them separately. 
" Current guidance advises along these lines. 
" MADA doesn't make assumptions explicit - because we didn't invent the 
criteria. 
" Doesn't appear to manage the uncertainties adequately (in isolation). 
I In reality - options, criteria and assumptions must be jointly worked u-p-7 
Need to include stakeholders in defining the problem as well - not just the 
solution. 
The fact that the DMM means you will have to engage with stakeholders at 
some time, you need a good structure for their engagement all the time, 
even with no problem to face - who, how, when needs to be in place... 
) 
Socio-political factors can be included through taking experience from other 
work., e. g. joint fact finding within BNFL Dialogue. 
Perhaps best way of doing this is to ask relevant people (depends on scale 
of the problem). 
Be 'careful,, about, - language used,, `,, especially use of the 'BPEO' 
concept/term. 
Life CvcIe Assessment/Analvsis- (LCA) 
*'-", Factors in the background processes. 
0 Doesn't necessarily factor in socio-political factors. 
0 LCA doesn't allow aOditivity across categories: y 
could be useful. 
possible by weighting via MADA., - 
Technical uncertainty taken account of via probability and expected 
deviation. 
Socio-political u ncertainties are ignored: e. g. sweatshops in Nike's 
plannlng. ýý' 
A'quality-of-life' category is needed! But nowork has yet been done to 
"address this issue yet. 
Hard to know at what point to draw boundary of which impacts or effects 
are significant., ý"-, -; ýý 
Open to criticism over quality of data. 
-'Lifetime costs' are yery different from true'costs in supply chain- that are 
externalised: e. g. environmental cost of an upstream supplier. - 
In response to this, you could either: ': - 
Include external cost in the Lifetime Cost criteria. - 
Introduce a new criterion for, ' External Costs. 
" LCA` info would help scoring if we had had it earlier: e. g. it would impact 
upon Resource Use + Chemical Impact criteria. 
" So would help to adjust definitions of some other criteria. 
LCA is Ohly one tool that informs the decision. 
Collecting/Assessing information could be very expensive, so.,.. 
Need to apply it to an appropriate depth, in particular to be sure you are 
aware of any significant background effects., 
LCA needs to be applied flexibly. 
May be hard to establish when LCA is needed, and... need to apply it to 
an appropriate depth, in particularto be sure you are aware of any 
significant background effects, 
'Question'over who make this decision as well, and who can influence it. 
. 
This LCA, info only really looks at Environmental impacts upstream, but Socid- 
economic impacts need to be looked at consistently. 
After Life Cvcle Assess me nt/Ana Ivsis (LCA) 
All 3 Options are still relevant. 
Ranking appears to stay as before. 
If anything, it strengthens our support for Option I being best 
Could have new criteria such as Global Warming, or Energy Use, then: 
score it and weight it accordingly. However, there is a danger of double 
counting: e. g. C02 is already included in the Chemical Impact criterion. 
HIGH LEVEL DECISIONS 
(STRATEGIC) 
The higher the level the more 
integrated the 3 lobes have to 
be... with Stakeholders 
Low LEVEL DECISIONS 
(ON THE GROUND) 
Points for Stakeholder Review 
e How security is handled in the DMM 
_ctions 
Action Required On For 
Raise 'Concentrate + Contain' vs. 'Security issue' with Grace 24/9 
the SSWG. 
Ask green stakeholders and Dave Ferguson to review Sean By end 
the work Sept 
Put together transcribed report from today and slides Sean 15/8 
and MADA slides. 
Distribute Final Report draft. Sean End Sept. 
Carry learning to the'ownee of DMM; Informally and John Mid Oct. 
formally. W 
Pass Final Report to GRIG/in liaison with Dawn. Grace End Oct 
Consider running a S/H workshop to brief relevant S/H Grace Ongoing 
on possible engagement with DMM in future: link to 
BFWG. 
Talk to John Clark re: taking DMM (draft) to Terry Grace II End Sept. 
Selby meetings. -I 
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AVA Preliminary (Pre-conference) Information 
AV. 1.1 Was the information pack useful and comprehensive? 
The provision of an initial (pre-conference) infort-nation pack was deemed and a 
necessary component of successful workshops, and this appears to be the case. 
Within Workshop One (BNFL Representatives) the initial information pack appears 
to have been a useful introduction to the decision-making process because not only 
did it 'set the context of day, the technical information on the scrubber and so forth 
was useful... I'm not thatfamiliar with THORP, so it was needed, and the actual 
decision-making process [the DMM] was clear'. Furthermore, another participant 
stated that 'it reminded me of things rather than being new information, but that's a 
good thing with me... to remind me'. Unfortunately, although it was 'very 
comprehensive, the only problem was that I had difficulty in reading the document 
fully'. This highlights the need to effectively re-iterate the content of the information 
pack at the outset of the workshops. 
AV-1.2 Were the nature and scope of the research clearly defined and explained? 
The participants felt that the nature and scope of the decision task were 'as clear as 
they could have been - in the context of the day it was pretty clear'. However, 
although some participants agreed that the decision task was clear they 'disagreed 
with the restrictions placed on the process) particularly with regard to the assumption 
that the DOG stream could be reduced to a single species stream. Nevertheless, as the 
participants understood that the workshop was concerned with the decision-making 
process, and not the actual technicalities of the decision, it was 'clear what we were 
trying to do'. 
AV. 1.3 Were the research aims clear? 
However, although the nature and scope of the decision task were clear, one 
participant stated that the research aims weren't 'that clear in the information pack - 
probably because I didn't read the packfully! ' whereas another stated that he was not 
sure about 'how broad the research is and what the impacts will be beyond BNFL'. 
Nevertheless, he went on to say that 'it didn't real matter -I could see how the 
research was applicable but I couldn't see how the research fits into the bigger 
picture'. 
AV. 2 In Conference Information Provision 
AV. 2.1 Were the roles and responsibilities of individuals clear? 
The participants in Workshop One generally felt that the in-conference information 
provision was good. There were 'good introductions', and there was 'no problem 
whatsoever' with people's respective roles and responsibilities. Others were more, 
insular; 'I knew what my role was so I was happy'. Furthermore, the clarity with 
regard to roles and responsibilities and the questions/queries raised during the 
decision-making process was reinforced in that a number of participants stated that: 'it 
was especially good having Mat [Carbon-14 Plant technical person] there because it 
opened up trains of thought that weren't there with the rest of us who are like mined 
site environmental people'. This emphasises the previous lack of effective and 
representative participation in BNFL's environmental decisions because 'he had quite 
an impact on the direction and depth we got into on some of the issues. It highlighted 
the need, ifyou're looking at specific issues, with implications on plant, then you do 
actually need someone there who has a role, and knowledge of a plant person. ' 
Interestingly, Mat stated that he 'liked the workshop because we had a number of 
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people who viewed it with a different Set of eyes, and the fact that there were people 
looking at it. from dose, from, radiological,. from non-radiological points of view. 
BNFL havefocusedfor many years on radiological issue but we're not necessarily as 
focussed on non-radiological issues and that is a pollutant as well. 
AV. 2.2 Were all questions/queries adequately addressed by: 
Facilitators? ,, - ý1 ý--", ---ý, 1- - 
Other participants?, 
The, group, as a whole felt that the facilitators adequately managed the process (i. e. 
were, receptive to. the participants', needs) and, that the other participants were 
forthright and civil in their contribution of ideas and opinions. 
AV. 2.3 Information for decision-making, was it complete and relevant? 
With regard to information provision the participants were content: 'within the context 
of the workshop the information was sufficient. However, the direction that the 
workshcp, ý tooV ultimately, was that there was information generated through the 
process the participants provided the information. ', -Thus, the experts brought their 
own, 'background' knowledge to the decision-making process. This was evident 
because in order to run the workshops in the time allocated there was a requirement to 
make, a number, of -assumptions which would, aid the 
decision-making process. 
However, -, as - highlighted. ' previously, 'people , had difficulty in working to the 
assumptions 'I because -'they, brought their own more detailed knowledge to the 
workshops and this obviously brings with it their assumptions'. Nevertheless, it was 
generally accepted that 'by including a diverse group ofpeople the group made their 
way around the problems' raised in imposing such restrictions. 
AV. 2.4 Was the quality of the information sufficient? 
Within Workshop One the quality of information used in the decision-making process 
was t'Sufficient, but it was 
dij, 11cult tomork within the boundaries set; however, as long 
as we stayed, within the criteria set, the quality was adequate'. Furthen-nore, one of 
the participants -was 
'quite impressed by the amount of quantitative information that 
was there,, especially i on raw materials and things like that, -and that was really helpful. Because normally in BPEOs there's a lot of qualitative stuff and it's difficult 
for people to get a grasp on how to score and weight qualitative information. The 
more quantitative information the better, , 
because it 
, 
enables a much, more rational 
decision to be made, but of course it takes time and it's quite a bit of work to produce 
that inf9rmation. 
AV. 2.5 
_Information 
presented; understandable & time given for interpretation? 
With regard to 
, 
information presentation there were concerns that information was 'not 
adequately, presented, I dont think we had adequate time for consideration', which 
was a result of limiting the decision-making process to one day. As a result one 
participant felt that they were 'makingjudgements [based] on personal knowledge as 
opposed to what was in the Technology Table'. A 'large proportion of the workshop 
wasý providing information' with little time for interpretation. As a result it was 
generally accepted, that 'the bit of the workshop where we went through looking at the 
different, options in , 
the Technology Table needed more time'. However, the 
participants all believed that 'the Technology, Table itsetris a good way ofpresenting 
informatioln, and-T don't have a problem with the Technology Table'. However V 
think, it probably,, WOuld require, to fully get a common apprehension of what it's 
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trying to say to have a presentation and discussion - to gain that common 
understanding to classify any ambiguity'. I 
AV. 2.6 Information displayed; was the application of technology useful? 
The use of technology within the workshop generally impressed the participants, 
'because it allowedyou to do the 'what ifs? 'in the workshop and explore the subject 
so you made the decision once, as opposed to make the decision once and then go 
away and come back at a later date to explore the 'what ifs? '. Another participant 
stated that 'the use of the softmare is a really useful component of the workshop; I've 
seen before, the British EnaDP people used Highview, they did it there and then, you 
know, here are the scores, about 10 minutes after we did the exercise, this is what we 
do with the sensitivity analyses, this is what it shows -a really useful component of 
the workshop'. It was 'extremely, useful - an excellent technique, very quick, you 
could modify it, and we could see the results in minutes if not seconds; and all our 
variances made very little difference [to the decision, outcome]. 
AV. 2.7 Could information provision or presentation be improved? 
overall the information used for decision-making was 'OK in the context of the day' 
and was 'sufficientfor the workshops'. However, with regard to improvements to the 
information the participants, acknowledging that there was a need to have restrictions 
placed on the decision-making process, many stated that 'the Technology Table [could 
be given] earlier, or possibly included it in the preliminary information pack before 
the meeting'. Furthermore, it was stated that, it is 'preferable to go through the 
Technology Table and allow more timefor clarification'. 
AV. 3 The Decision-making Methodology (DMM) 
AV. 3.1 Was the decision-making exercise sufficiently structured? 
The BNFL DMM was 'excellent' and 'the structure was very good - it was well 
organised - you [the organisers] got the most you could get out of a day'. Another 
participant stated that they 'thought it was quite well structured - the exercise we went 
through I thought was very good, we came out with a reasonably robust answer'. 
AV. 3.2 Is the DMM technique a suitably transparent process: 
For those party to the decision (i. e. you)? 
For those not party to the decision (i. e. public)? 
With regard to the transparency of the process, although many believed that it was 
'transparent for those involved [because] you can see exactly what you are doing' 
there were issues concerning the transparency of the Balance Sheet(discussed later). 
However, virtually all the participants stated that the transparency of the technique, to 
those involved in the decision-making process, and more so to those not party to the 
decision, was dependant upon 'how the findings are applied and presented. The 
transparency 'really depends on the record kept and it needs to be as complete as 
possible. I suppose the biggest issue needs to be the criteria and the weightings of 
those criteria and the method of weighting and the sensitivity analysis. As long as 
that is recorded well it would be transparent to anybody... whether they would agree 
21 The participant was referring to the British Energy Generation Ltd. Best Practicable Environmental 
option (BPEO) Study for the Management of Spent Desiccant (Turner, 2003). 
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with it is another matter'22 . It was highlighted that the 'public would need much more 
clarification, you would have to pick out the issues that mattered Some issues aren't 
a problem, the radiological impactfor example would be'. Consequently, there is a 
'need to understand what parts of the process the public. are interested in, probably 
not 90% of it, you need to understand what their interests are and then you need to 
construct a reallygood story as to why you have looked at the problem the way you 
have'. 'Another ý view was, that the 'issues relate to value judgements and how the 
value judgements are weighted. We do a very good detailed technical exercise, and 
then we throw it open to the woolly things in the Balance Sheet, and you think what's 
the point in doing all this detailed work before hand if there's so many things that can 
change the decision'. ' Jbis yelates to the lack of transparency of the Balance Sheet. 
AV. 3.3 Do you think the technique is robust? 
The'Pariicipants, in Workshop One generally accepted the robustness of the MADA 
technique and the quantitative aspects of the DMM technique: 'certain bits of it are; I 
think that the bits where you can have quantitative information and can make clear 
judgements are, but the valuejudgements stages are not as robust and the process all 
falls do". '. - Other participants were more forthright in excluding value judgements: 
'I would tend to, rather, if it's valuejudgements that are non-technical, then I would 
disregard it., I know'it has to come in the decision somewhere, but somehow I think it 
should be very clearly outside the BPEO. ' 
AV. 3.4 Opinion of DMM as a decision-making framework? 
Consequentlyi overall the participants in Workshop One felt that the DMM technique 
is useful for decision-making. Nevertheless, participants were eager to highlight that 
the DMM 'needs to be usedjudiciously and-not as a mechanical handle-turning 
techniquelexercise. ', It's got to be capable of being interpreted and used in a fit for 
purpose manner. , For example, 'I would say however, that I'm still not convinced that 
all the criteria are relevant... for example are you really going to base a decision on 
noise? ... you could design noise out, most big decisions boil down to one or two issues like radiological, impacts. - - The [DMM] technique looks monstrous but only a few 
issues are of importance, so you shouldfocus your assessment on these issues, and 
not address all issues because they are listed. The DMM is a tool, it's part of a 
decision-making methodology, not THE decision-making methodology'. However 
some of the participants were concerned that although the DMM is 'quite goodfor 
making decisions'- they again stated that 'the Balance Sheet bit is problematic. 
AV. 3.5 Should MADA address Socio-political issues? 
With regard to the assessment of socio-political factors within the DMM there were 
mixed ý responses. -. Some believed that 'you should incorporate them into the 
methodology ... If-they affect. the decision they should be incorporated into the 
methodology'. Furthermore,, one participant stated that 'the socio-political and 
technical aspects need to be considered by the same group ofpeople - we can't base 
our decisions on , 
guessing what we think others' views are. Thus, 'any ultimate 
decision, has got to be - based around actual input from socio-political parties; you 
need actual engagement with stakeholders. You need to first gauge what the issues 
22 It was also suggested that the final document should be 'tested by a third party' in order ensure it is 
suitably transparent. ' 
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are and then plan as to how you're going to engage and when'. Consequently, a 
number of participants were aware that 'incorporating socio-political factors into a 
MADA process is very difficult and open to criticism, but as a company BNFL would 
befoolish to ignore them. 
However, not all participants were of the same view. Another was forthright in his 
belief that technical and socio-political factors should be separated. Socio-political 
factors should not be part of 'the BPEO, they should come outside the technical 
decision'. This participant was vehement and went on to state that 'the end of the 
technical decision should represent the BNFL decision - It's external people like 
politicians who should impart socio-political factors - not BNFL, absolutely not 
BNFL. We're a technical company, we're not a political company, we're a company 
with technical expertise if we think that all were going to do here is act as junior 
minions to pass a decision up the ladder to be refuted by senior managers accounting 
for socio-politicalfactors, then what's the point. By BNFL addressing socio-political 
factors there is almost a double counting ofsocio-political aspects because regardless 
of the BNFL decision the regulator will also impart their values to the decision 
anyway. I'm very dubious about the company trying to apply values to a technical 
BPEO, which can then be overturned ... BNFL should focus on the technical and 
identify the socio-politicalfactors, don't impart values'. 
Another emphasised that although 'you need inputfrom other people, it comes down 
to who's decision it is at the end of the day. They should be involved in the process, 
depending on what the decision is but not make the decision'. 
AV. 3.6 Opinion of the Balance Sheet for imparting socio-political factors? 
Many of the participants believed that the Balance Sheet isn't very clear about how it 
deals with facts and opinions. The Balance Sheet is quite a weakness. The group 
realised that 'socio-political factors need to be recognised' but they were 'not quite 
sure about how the factors fit into the decision'. Another stated that there was not 
6enough time to go over it at the workshop, not sure on how the Balance Sheet is 
factored into the decision-making process' and that 'I don't think that the Balance 
Sheet is very comprehensive -I don't think it brings value to the decision-making 
process'. The most critical comment was that 'it was very poor, I acknowledge that 
you have to balance a technical decision with socio-political impacts ... but the 
Balance Sheet may give somebody's opinions of the socio-political factors and the 
financialfactors but where's the detail, where's the true understanding of the socio- 
political factors, there needs to be an exploration of the arguments'. Overall, the 
view of the majority of the participants' was that 'you need to engage others before 
you make the decision'. 
AV. 3.7 Opinion of the Balance Sheet for reflecting socio-political values? 
The participants' views of the Balance Sheet for imparting socio-political factors for 
decision-making were consistently critical. Generally it was felt that the TMM 
needs to include those stakeholder values, and [the DMM] shouldn't be done in 
house'. However, there were comments which highlighted the 'misconception that 
the Balance Sheet imparts socio-political values ... nonsense'. The participants realise, 
that 'values are differentfor different groups' and there were issues raised regarding 
the subjectivity of the Balance Sheet and its application: 'It's a dangerous approach 
because using the Balance Sheet, thefinal person who puts out the report (internal or 
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external) can put their own values in it and therefore it's assumed that everybody who 
has contributed to the process has signed up to'it [i. e. the final publisher's values] - 
which niýj not necessarily be the case. . 'As a result one participant stated that V don't 
think it is very effective at reflecting values. To me it appears as a token gesture, to 
me it doesn't appear robust. It makes some fairly general type statements that don ,t 
have 'any-'real substance, we're ttying. to make technical arguments based on hard 
science orfacts, and I appreciate thatfor the socio-political stuffyou can't apply the 
same rules; but I think that yo'u can present it, or represent it better'. 
AV. 3.8 Suggestion of Other decision aiding techniques worth investigating? 
Workshop One's participants were unable to suggest other decision-making/aiding 
techniques worth investigating. ý However; one participant did state that the decision- 
making technique applied,,, 'Iargely depends on decision being made. So there is still 
room for other,, techniques to, be used [in - the DMM]- for example you could use 
CBA , 
',. but proper'CBA, 'something that looks at a wider range of issues as opposed to 
a single component [referring to the application of CBA specifically to the collective 
dose figure]'of the decision is misleading'. 
AVA Stakeholder Interaction 
AV. 4.1 Do stakeholders have a role to play' in BNFL' decision-making: 
Within Workshop One there were a number of different views with regard to whether 
or not ýstakeliolders 'should be included in'decision-making. These ranged from a 
sim p16 'yes' through to the view that a role is some circumstances, 
but you have to be careful how You define stakeholders. ' Furthermore, the group was 
aware that future changes to BNFL, as a result of the White Paper on 'Managing the 
Nuclear", Legacy:, A:, -, Strategy 'for 
'Action', ' 'and, -the ', creation, of the Nuclear 
Decommissioning Authority (NDA), and this influenced-the participants' responses. 
For example, stakeholders 
, 
should be considered 'only 'to, a "Certain extent ... at the 
moment "'because' the - Government, wholly' owns BNFL, and therefore the UK 
population wholly owhs''BNFL. If, 'however,, 'BNFL was a contractor supplying a 
piece, of work to the NDA -then no, Lreally think it should be the opinion of the 
contractor, 
* 
'a 
, 
nd , 
'the -stakeholder 'input should be, the responsibility of the NDA'. 
Nevertheless, there were those who believed that it was the 'shareholder who is more 
important than stakeholders. ' - If we want, to try and please everybody, if our 
stakqholdeis'are'the 'whole 
of the UKpopillation, which arguably it is, because 
everybody'wants to turn on'their lights, can we please everybody? The answer is no! 
We -Shouldfiocus on - the shareholder flrst, we can't make decisions which please 
'd use everybody wants something di every y be'ýa' fferent. bo 
* 1, If so who should be included? 
With regard to which ý stakeholders - should be included there were also diverse 
responses. Some stated the- usual suspects: V think that the main stakeholders that I 
think should be , 
included are regulators [NII and EA], owners of the business, workers 
in. 'ihe- business, `ý local 'area representatives, and representatives of the wider 
ýjY, I would also'involve one of the green parties. ' This view was - Possibl community. ý, 
reinforced by, others who highlighted similar groups and emphasised that 'BNFL isn't 
good at politici, `or'PR ... it's awful'. Furthermore, there was a participant who not 
only'ful ly' understood the diversity of stakeholders but also their potential impact on 
the', decision-making 'process: 7 think that there is a whacking great list of 
stakeholders., -, you do -need to understand the stakeholder management and 
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understand which ones have a direct impact. If some stakeholders are in a position 
where they can block a decision they you bloody well have to involve them; there are 
others that can be a nuisance but you might say it's good management to involve 
them. ' Interestingly this participant went on to cmphasisc the benefits of effective 
stakeholder involvement as all stakeholders are not against the Company: 'the other 
angle is, which from a positive point of view, is involving the more friendly 
stakeholders, it isn'tjust about stakeholders adversely, but involving people who have 
got credibility beyond BNFL, and then when people know they're involved, be it some 
national institute or recognised experts in thefield who haven't got an axe to grind as 
far as BNFL's concerned. ' Nevertheless, although most participants were positive 
about the integration of stakeholder into the decision-making process, one recurring 
theme regarded the representativeness of those included. You need 'fair 
representation, but you have to be aware of the 99% of the general public who really 
couldn't care less about the decisions unless something is done that is really going to 
affect them and it should be weighted accordingly. So the fact that you've got 
scientist on the one hand who are maybe mostly pro-nuclear, and then you have some 
of the anti-nuclear on the other side; these are the 1% on either side of the scale. You 
shouldn't forget that the vast majority of stakeholders are not affected by the 
decisions, because I don't think our decisions are big enough. In other words, 
whether we abate technetium or not, the man in the street couldn't give a damn 
because it's not going to affect the food he cats, it's not going to affect his living 
conditions. "at would make him think is if the price of his electricity is going to 
double. ' This view was reinforced by another participant who highlighted that 'the 
anti's have a very small proportion with a very loud voices, but as Richard [Harris] 
pointed out, just because others aren't shouting doesn't mean they don't think about 
it. So, I think getting adequate stakeholder representation is nigh-on impossible, but 
that doesn't mean that you ignore their viewpoints. It isn't easy to say who should be 
included, because I don't think you can define it, I think it is very much based on the 
decision you're trying to make, so you need to look to the people that are. either going 
to be involved in the decision, or that decision will have a direct impact upon. I don't 
think you can define a single stakeholder group for all BNFL decisions. [For 
example] some Irish people perceive their lives are impacted upon by the fact that 
Sellafleld operates; how do you measure that impact, scientifically there is no impact. 
You have to be careful who you choose and how You take their views into account. 
There's no easy rule to aPPIY. " 
ý if so what role of should they have? 
he role that stakeholders should have in decision-making also differed between the 
participants in the group. Some felt that stakeholders 'should be involved in making 
the decision, which takes a brave company - BNFL are not there yet' whereas another 
stated that 'regulators, the NII and the EA, should be involved at the earliest possible 
stage of the decision-making process, through involving them at this stage they are 
fully aware of what BNFL are doing with regards to the decision. Unions should be 
involved in decisions which result in changing workforce practices, and the local 
community should be involved if they're likely to be affected as a result of the decision 
- you dontiust go ahead and 
do something without telling them. Each stakeholder 
should be involved in decisions which are likely to affect them; however, no matter 
how small the decision or the activity they should always be consulted on what BNFL 
is proposing to do. In opposition, some participants were more apprehensive about 
the full inclusion of stakeholders in the decision-making process: V think that 
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stakeholders should make their opinion madefelt but they shouldn't have a big role in 
decision'-making ... Stakeholders should influence the decision in proportion to how the decision would affect the"everyday lives ofpeople; they shouldn't run away with their 
own importance. ' '' The' point was also raised, that 'clearly non-BNFL people can't 
make BNFL's decisions, , if , you 'see - what'L mean, if it's our - decision it's our 
decision.. -. but they can'certainly have an influencing role, provisions of expert advice, 
and the key thing is their views on criteria [used for -decision-making], have they got 
any othercriteria that we wouldn't use,, have they got some of their own that we don't, 
and they would certainly have different views on the priorities ofcriteria. 
The 'notification of the, Company'S' a6tions, wasýraised numerous times 'the most 
important thing is, that they have got to be kept informed, I don't think that they 
should'make''the decision ... but I think that they should be made aware of what the decision actually means. Rather, than contribute, [to the decision] - they should be 
informed and encouraged to buy-into the decision'.,, However,, stakeholders 'shouldn't 
be leading our'decision-making, but we'should be using what they say and vice verse. 
AU. 4.2 Do citizens have a role to Play in BNFL decision-making: 
itizen involvement in the dec On the issue of c^ ision-making process there was general 
agreement thaftheir involvement was important:, 'because they are the people that 
politician s 'listen to ... but most people don't'give a 'monkeys, unless something goes 
wrong,, very few people . are vehemently anti oi, vehemently pro'. 
However, ý others 
were more reticent about citizen involvement because it 'depends on the scale of the 
decision; ifit's BNFL business then NO. [Howeverj if it was an issue that may impact 
on citizeni; e. 'g. what happens'to the Sellafield site, then they should be involved ... in 
nailonalissues. 
The, problems relating to how to 'effectively involve, the citizen's in the decision- 
making", process ý, were . also highlighted: -,, ýT heyjcitizens] should be given the 
opportunity to be informed of what's happening, made aware of the options available 
and the sciintificfacts, but obviously, we struggle, or the EA struggle, to get people to 
respond to public consultation, ' they really &struggle, - which indicates that people 
aren't really bothered Having said that *výe shouldn't keep people in the dark, they 
should be aware of what's -happening and 
have the opportunity to comment. This 
issue of not keeping 'people in the dark' was highlighted by a number of participants: 
V think that BNFL should be more open and transparent in terms of everything that it 
does so it is clear on what basis decisions are being made. Being, very, very clear 
about w, hat we're doing, ý and how we go about things and where we get to, and I think 
we have still a way to'go about doing that. The impact of this lack of transparency 
apparently has a negative impact on the public's perception of the Company: 'people 
think we are ýcowboys because we're not transparent enough, we're viewed as being 
defensive andprolectiye, we should be more open..,. much more open. 
If so what role should they have?, 
The apathy'of the general public was a key reason given for why public involvement 
would work 
- 
in most cases: V6e Bloggs isn't that interested. However, they should be 
tIrI,. I 
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involved in big decisions, which'affects the employmen? 3 of the local economy, but 
not these small decisions, I mean decisions which don't affect peoples lives. Another 
view was that it depends on "what is regarded as a BNFL and what is a national 
decision, for example at the highest level "should BNFL become the national waste 
repositoryfor the UK? " is probably a national decision that the public will may well 
have views on, especially the public around here ... although the people at Dounreay 
will think it's ajolly good idea to send it all down here. 
There was also the view that BNFL should be more proactive: 'BNFL should canvas 
public opinion, afirm selling chocolate needs tofind ifpeople like it, we need to do a 
similar thing. We need to get demographics about what people actually think about 
the nuclear industry. Overall it was considered that 'citizens should inform BNFL'S 
decisions but they shouldn't be involved in decision-making'. Citizens should at least 
have the 'opportunity to comment and raise issues. 
* If so when and how should citizens be included? 
Within Workshop One the group sensed that 'stakeholders should make their opinion 
felt but they shouldn't have a big role in decision-making'. They 'should influence 
the -decision in proportion to how the decision would affect the everyday lives of 
people; they shouldn't run away with their own importance. ' It was also assumed that 
citizens 'have their own role anyway because in a sense they can influence through 
democratic processes, such as public enquiries, but I think there is a role, a 
consultation role, having the opportunity to express their views, but then it's down to 
others to take that and reflect it. However, although this is the case it was recognised 
that 'public meetings always seem to be attended by the samejew, and again it's the 
same few with the loudest voices. There has to be a way of managing what is 
representative of citizens -I don't know how BNFL could do that, I think it would 
require the use ofa thirdparty'. 
AVA. 3 Does integration of BNFL experts & stakeholders affect decision-making: 
Process? 
it was acknowledged that the inclusion of stakeholders would 'affect the decision- 
making process, because the [current BNFL] decision-making process is not to 
include them'. However, although it was universally recognised that the inclusion of 
stakeholders may 'give a wider perspective' the actual impact on the process was 
given from two completely different points of view. The first view was that 'the more 
people you involve in the decision-making process the less economically and 
technically correct your decision will be; it might be a bit better politically, but 
because you're involving people who don't care about the company and don't care 
whether the company survives or not - you could end up in a very dangerous 
position'. Conversely, the view was that it 'may have an effect on the outcome 
depending on the decision to be made, it might shorten the lead time on it, so it might 
stop those long drawn out consultation processes that occur. It could shorten the 
overall decision-making process through making it much more transparent'. 
23 This issue of employment was also touched upon by another participant who stated that 'they should 
have a role to play in decisions which directly impact upon them, for example impact on employment, 
[but] I really can't think ofany other impacts that they should be concerned about. 
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A'separate issue relating to the stakeholders' technical knowledge was also raised 
because although 'the DMM wouldn't need to change, you would need to get the all 
the stakeholders to an equal level of understanding. AI 
"der 
f er all the decision is only as 
good as people's level of un 'stýnding. There would be difficulties in explaining 
technical issues to stakeholders. '- This would make the decision-making process much 
longer . 
Outcome? 
Again-, the', impact "of - BNFL ý'experts with external stakeholders on the decision 
outcome was, also, given , from ý, 'two -completely different perspective., Some 
participants were of the view that'if the decision-making process was 'carried out 
correctly it would have a limited impact on the process, but it would strengthen the 
decision'6utcome'. ' As a result, one participant stated, 'we [BNFL] may get our way 
more . often, 
because , stakeholders " will, understand, our arguments more often'. 
Furthermore, there was the opinion that 'most of the stakeholders I. mentioned will 
want to minimise the impact of decisions on others at minimal cost optimising all the 
criteria that the process uses - including socio-political [criteria] - which the [DMM] 
criteria doesn't [include] atýthe moment. '- However, the view, was that stakeholder 
involvement would produce '16s technically and economically correct arguments and 
may 'adversely 'iiflect the company's' position... "as - long as the company operates 
within the law, ýits got to befine - as long as it doesn't do anything unsqfe. 'ý 
AVAA Does stakeholders/citizens involvement affect public acceptance? 
The participants "felt thaHnvolving stakeholders/citizens in a decision would have a 
limited influence on the public's acceptance of the decision. The primary reason for 
this %ýas because 'the vast majority of the public is not interested - so it will have no 
effect on'them.,, Of the public who'are'inte , 
rested the'majority of them it will affect and 
allow them to buy-into it [the decision] easier, there would be a vociferous minority 
that would argue against any decision made - in order to cause chaos'. Furthermore 
those who thought that stakeholder/citizen involvement would have no benefit were of 
the view that 'Regulators [ind therefore it is assumed other stakeholders] should stay 
out of things'as long as , we are doing things within the law. However, ifthe decision 
is'broad based then the regulators are probably more likely to accept it ... I think that 
too muckstakeh older involvement is a bad thing, [for example] I don't see any benefit 
of the Environment ý Council stak , 
eholder dialogue process... our opponents are still 
against us. Nonetheless, a view was expressed by a participant that 'ifyou've been 
involved'in the, procesS, even if you 'disagree with the outcome, at least you 71 
understand tAy the decision was made'., Another stated that 'sometimes simply going 
through the process will helý'. 
Furthermore; participants were fully aware of the role that the media plays in the risk 
communication process: 'the media will spin it the way they want it'. As a result this 
participant was -of the view that, 'there will always be people who say things are 
unrepresentat ive, 'I don't know, I don't think it would make a lot ofdifference. 
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AV. 5 Fairness & Equity 
AV. 5.1 When should Decision Analysts should be involved in the DMM process: 
9 Internal? 
The participants in Workshop One stated that internal Decision Analysts (i. e. BNFL 
experts) should be involved either at Stage I (Establish Decision Context) or Stage 2 
(Identify Options to be Appraised). The principle reason for involving the internal 
Decision Analysts in the whole process was because 'the people who are selected to 
be within the process of making the decision should be involved throughout. ' The 
second group stated that the Decision Sponsor was responsible for setting the 
decision, not the Decision Analysts. However, some of the participants stated 'if they 
[i. e. the Decision Sponsor] don't fully understand the context then they need the 
Decision Analysts to help out and ensure that the context is established correctly'. 
* External? 
With regard to the involvement of external Decision Analysts (i. e. stakeholders) the 
views were more diverse. Some stated that 'if it's a decision which stakeholders can 
exert an influence on then they should be involved as early as possible', whereas 
others perceived stakeholder involvement as necessary to ensure that BNFL addresses 
the right problems. They should be 'involved in establishing the decision context - if 
we decide to do something and it's not what our regulators/customers want what's the 
point in the rest of it? You ensure [that] you're doing what you're supposed to be 
doing. ' However, again their was the view that stakeholders shouldn't be involved in 
the decision-making process: 'I wouldn't include them - its too dijjl'cult to chose 
representative stakeholders, Id rather shareholders, as long as we're operating 
within the law - as long as we're doings things for the good. It was also stated that 
, regulators don't want to be involved in the decision-making process, it's a BNFL 
decision'. 
AV. 5.2 Was the process carried out in a fair manner? 
All participants believed they were treated equally and the process was carried out in 
a fair manner as 'everyone was allowed to put their contributionforward. 
AV-5.3 Were the facilitators independent and did they act fairly? 
The group thought that the facilitators 'did a goodjob really' and that 'they seemed 
independent. They didn't have any problems in that respect they didn't go in with 
preconceived ideas'. 
AV. 5.4 Did the facilitators add to the decision-making process? 
Furthennore, the group thought that the facilitators 'allowed the process to progress 
smoothly' and that the group would not 'have got to where we did get to without the 
facilitator'. Overall, 'it was good to have them there -a useful component forfuture 
decisions'. 
AV. 5.5 Does independent facilitation affect the public acceptance of decisions? 
Regarding the affect of independent facilitation'on the public's acceptance of the final 
decision the group's response varied. Some were of the opinion that it would be 
fairly obvious, ifpeople outside the group believe that the person running the process 
is trusted then they will trust the decision they facilitate. Others were sceptical 
highlighting that although it may help 'public acceptance is very much a media thing' 
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and that it is 'very difficult to declare independence, BNFL would be paying them so 
its difficult for, the facilitators to state true independence. ' Again there were those 
participants. that thought that -the majority of the public wouldn't care less, the 
interested, minority - of, the public, would prefer an independent facilitator, the 
vociferous minority would always distrust anyone coming up with any decision to do 
with the industry. 
AV. 6 The Decision Outcome 
AV. 6.1 Doyou agree with the group outcome of the decision? 21 
The entire group agreed with- the technical 'aspect of the decision-making process, for 
example one participant stated that: 'first of all Twas really thinking that it was better 
to stick it up the stack, but no after going through it, it was fair, it made me think 
again'. " Howe 
, 
ver, the general opinion was that ýthe Balance Sheet tripped up thefinal 
decision'. -Another participant stated that 'there wasn't a decision. ý I agreed with the 
MADA output, but the Balance Sheet madelt difficult, and it wasn't transparent. The 
cost issues surrounding the management of ILW are very difCult to understand'. 
AV. 6.2 Do you accept the group outcome of the decision? 
The majority - of the group's participants - accepted the final decision, - although one 
stated that they 'didn't accept thefinancial aspects of the argument because there was 
m, formation required on the Balance Sheet. ore in 
AV. 6.3 Is this type of decision-making process is effective? 
There was'again -consensus that the'decision-making Process would work again, 'but 
there are improvements 
-that 
could be made to the process [referring to the Balance 
Sheet]'ý'- How'ever; although the'group agreed with the decision and agreed that this 
type'-of dedsion-making process would work again, one participant was of the view 
that 'the company doesn't deal very well with taking thingsforwards. It's not going 
to do anything, it hasn't got the guts to do anything about stopping the Carbon-14 
Plant, " it hasn 
_t 
got the political will. It hasn't got the guts - to actually tell the 
regulator that we're going to do it and waitfor the regulator to'say ý'no you're not; it 
won't even go that far. ý So I question the, value of some of these studies when the 
Company does , n't have thepolitical will to 
, 
take thingsforward, I do think were doing 
the right thing,, in questioning these things ... but the end of the day it probably won't 
change much'. ", This would indicate a general apathy/realism by those within BNFL 
that they themselve Is lack control over the decision-making process. - 
AV. 6.4 Did you enjoy the experience? 
All of the participants' thought' that the process was 'quite a good exercise' and 
, thought it was valuable'. ' 
11 . 
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AW. 1 Preliminary (Pre-conference) Information 
AW. 1.1 Was the information pack useful and comprehensive? 
The provision of an initial (pre-conference) information pack appears to have been a 
useful introduction to the decision-making process. BNFL representatives stated that 
'in terms of the context of decision andputting in place the issues to do with Carbon- 
14 and THORP and the preparation of the day it was adequate'. However, another 
BNFL participant felt that 'for the purposes of the day I think there was a little too 
much technical information'. In a similar vein some of the stakeholder 
representatives felt that the preliminary information pack 'was useful, to give an idea 
of what we were trying to do and it gave quite good technical detail'. Another 
believed that 'it gave us an insight into what we were trying to achieve - certainly in 
terms of giving me a clear idea of what you were looking for and the methodology 
being used. Unfortunately, as in Workshop One, one participant was unable to read 
the information pack prior to the workshop, which reiterates the need to re-introduce 
the nature, scope and research aims (i. e. the information contained in the information 
packs) at the outset of the workshops. 
AW. 1.2 Were the nature and scope of the research clearly defined and 
explained? 
The workshop participants felt that the nature and scope of the decision task were 
6quite clear in what we were trying to achieve ultimately -I didn't have a problem 
with that at all' and another 'understood where it was leading to and how it related to 
the decision-making processes in BNFL'. Even the participant who was unable to 
read the preliminary information pack 'picked up on what was intended as we went 
through the meeting' and 'gathered how this process would work, and understood 
that the Carbon-14 example was being used to highlight this 
AW. 1.3 Were the research aims clear? 
Most of the participants felt that the research aims were 'quite clear in the information 
provided' and thought it 'interesting to see what is being done and how it is being 
investigated and imbedded into BNFL's processes ... it's an interesting piece of 
research'. However, as in Workshop One others believed that the 'objectives and 
context of the workshop could be elaborated upon' and that there 'could have been a 
little more explanation about the research aims'. One participant was 'surprised that 
there weren't more questions about the research aims which might of brought them 
out, andjust reinforced it a bit really. I mean, they were stated, and people accepted 
them, Ijust thought there'd be a little more discussion'. 
AW. 2 In Conference Information Provision 
AW. 2.1 Were the roles and responsibilities of individuals clear? 
The group thought that the in conference information provision was good. With 
regard Jo people's respective roles and responsibilities 'everybody was well 
introduced and thefacilitators were clear, we knew who the customer was and we had 
an understanding of what was required of us'. Although some participants were 
initially unclear 'they became clear by what people said' and were 'quite happy with 
the way it worked out'. 
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AW. 2.2 Were all questions/queries adequately addressed by: 
Facilitators? 
The group as a whole felt that the facilitators adequately managed the process: 'it's 
good, having experience ofsuch"apprgaches I was more than happy with the way the 
process was facilitated and participants were given the opportunity to not only raise 
there own concerns but also allowed to comment on' the way the workshop was run'. 
Other participants? 
R6garding -the interaction and contribution from, participants it was universally 
accepted that . 'overall there's been an open attitude and people have contributed to 
the discussion ý in the right vein',, another 'commented that 'everyone behaved very 
professionally'. However, it was expressed by one BNFL representative that 'it's a 
shame we didn't have the breadth 6fstakeholders% referring to Environment Agency 
and Independent Policy Analyst representation, but it 'was a good mix really, with the 
main stream players taking part. ' 
AW. 2.3 Information for decision-making, was it complete and relevant? 
With regard to information provisions and quality, there were mixed views from the 
participants: 'you could argue ifyou were doing a fulljob it would take longer and 
you would need more information ... 
butfor the purpose we're trying you could have 
done z with a little less, but , 
that's 'a dijficult decision to call, so. it was fine'. A 
stakeholder representative - 
felt that Ahere -'was -sufficient information, to make a 
technical ý decision, ý but nothing -else'. , Interestingly . one, 
BNFL representative had 
'certain problems with the process we're trying'to evaluate because Ifind it dijji'cult 
to compare apples, -pear, - 
bananas and kumquats... Tin trying to find a common 
denominator, ' which makes the-process more.: easily, -, understandable'., This was 
elaborated upon extensively by another BNFL representative who believed that 'it 
was quite clear today, the more information that was provided against either a benejl't 
or a detriment within the options had a very strong influence on the way that people 
scored it. 'This was well reflected in a couple of examples where afew options with 
halra dozen lines of text that were all detriments, 'at the other extreme there is low or 
no applicable detriments. 1 The comment was made on the day that this was scored on 
word count rather than whether 2000kg sodium hydroxide and 4000kg barium nitrate 
was. very much more significant than 2000kg ofsodium hydroxide. Tor example, how 
does, going back to the previous example, the sodium hydroxide stack up against the 
barium nitrate in'terms of their relative impacts - and. there was very little discussion 
on this. In terms ofproviding information further, 'the only thing I can think ofwould 
be to look at some kind of analogue that would allow a measure of impact, so 
something like an Environmental Burden -, approach'. , 
Nevertheless, 'another 
participant stated 'there was enough jbrý the matter of our purposes in testing whether 
MADA can help, and looking Where, MADAs weaknesses, lie, the thing that was 
interesting to, me is how this is being put, together in the BNFL technique'. Also, 
regarding information provisions there was, the view that. 'there was information 
comingfroin participants that wasfactored into the decision-making process'. 
AW. 2.4 Was the quality of the information sufficient? 
With regards to the quality of information used in the decision-making process 'there 
was enough'. However, it was mentioned by a couple of participants that the 
information was 'perhaps slightly leading, in the way in which the information drove, 
very strongly drove the scoring of options' and 'the way that some stuff was written 
564 
4ppendix W 
leads you to a certain option because of the relativeness of the information. Sojustby 
reading it forces you down certain path'. Nevertheless another stakeholder 
representative, who also raised the issue, was keen to point out that although 'it was 
very clearly driving you in the direction we ultimately came up with, not because it 
was doing it arbitrarily, but because that is what the facts are'. As aside, one 
stakeholder representative was generally concerned about the scientific accuracy of 
the information typically used for decision-making: 'I've-always had an issue with 
attributing alse scientific accuracy to some of the information when they're down to fi 
3 or 4 decimalplaces, which is a scientific nonsense... BNFL and everyone else ought 
to be careful about attributing excessive accuracy to things'. 
AW. 2.5 Information presented; understandable & time given for interpretation? 
The general presentation of information worked quite well in the Workshop Two: 
'that is one of the things that I was quite happy with. Prior to the workshop I though 
we were going to get into complex issues that, with all due respect, would be difficult 
to understand and comprehend. But the way the presentations were given it was 
clearly spelt out whatyou were lookingfor'. However, with regard to the Technology 
Table, as in Workshop One, participants stated that they 'could have had more time to 
read through the Technology Table, there was a lot of stuff on there' and that going 
through the Technology Table 'was too rushed by the nature of the workshop'. As a 
result most participants felt that 'it would have been useful to provide the Technology 
Table prior to the workshops, in the preliminary information packs'. Furthermore, 
another stated that 'ifyou were doing thisfor real you would need significantly more 
time' to run the exercise. 
AW. 2.6 Information displayed; was the application of technology useful? 
The use of technology within the workshop was universally accepted by the 
participants, they felt that 'it was good and well explained' and that 'it's essential to 
see how your weightings are working and what the interplay of the differentfactors is 
-I think it is very 
helpful'. 
AW. 2.7 Could information provision or presentation be improved? . 
overall the information used for decision-making was 'fine'. However, with regard to 
improvements, some participants, acknowledging that there was a need to have 
restrictions placed on the decision-making process, stated that 'you need a little more 
space and a little gentlerpace to allowpeople to interact a bit more and to let some of 
the debates open up, but not open up too much so that you're stayingfocussed - it's a 
delicate balancing act - however, there's been a lot of learning in one day'. Another 
participant felt that 'it would have been beneficial if we could have had a copy of the 
slides of your presentation before it took place in its barest form just prior to the 
workshop so we knew the intent behind some of the aims - there was a lot more detail 
given in your presentation than in the information we were given before the 
workshop'. However, one of the participants stated that information provision prior to 
the decision-making workshop 'depends on who you have got, with that group of 
people [referring to those in workshop group] you could have distributed the 
Technology Table before hand but with a different group it wouldn't have worked'. 
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AW. 3 The Decision-miking Methbdology (DMM)' 
ý, W. 3.1 Was I the decision-making exerciie'sufficiently structured? 
Many participants -stated that the BNFL Decision-making Methodology (DMM) was' 
reasonable well'structured. However, the'poini was raised, 'by, BNFL and stakeholder 
representatives, that the MADA methodology is a little'complicated, for example: 
'I. think )br iome'one, coming, at it with -some knowledge of decision 
analysis, it wai s'ujficiently clear.. '. as'a-, total new comer to ý the approach 
it would be quite a complicated and dijfIcult concept... again with today's 
experience 'there were many peop e% in, t ere I" h who"' were ý either 
practitioners or who were prqýviously'exposed to it and there were 
fficulties in'moving through the process. di 
'Something should have been done"about the explanaýdon of the MADA' 
because there' were'people dearly" struggling ý to understand certain 
aspects ofitwhich'iy'ere clear to"me., 'Adyet questions were coming out 
what does''this mean, etc, etc, and thýrefbre I wai's'urprised bý people's 
lack of g rasp of what', we' were g oing through, and that's .a ieýson to be 
learned I suppose what. 's 'obvious tdmys'ýJCis not 'obvious, to other 
people, -also some people were really 'uncomfortable'with the MADA 
process aI nd I got the impression that that is'no't the'way we'[BNFL] think 
ught needs to be given and maybe some tho as, to'how information may be 
ýpresented differently'or the whole process explained to them I think. 
'it is a very technocratic process, 13 to 14 attributes, for each option, 
weighting, 'MADA... well it's enough to ýduse oidinary'people. t6 decide 
that's all tooflippin, complicated and that it's a very clever bit ofsmoke 
screen. ' The re is a lot ofhomewo'rk to do with agroup of lay'stakeholders 
to get them to a point whe 
, 
re they can ac 
, 
tually contribute with'confildence,, 
rather than feel that it's a process thereto bamboozle them. ' 
y qu pea 'I think the'technique is inherentl 'ite complicated, and it ap - 'red to 
me that a number ofpeople were not. entire y clea 'I 'r about how the process 
should 'work I think this is a key point of learning for 'anybody who 
wants* to take this type of techniqueforward with a la ietofparticipants 
'ite a-lot 0 who would need qu )f coaching to get up to speed before they. 
could actually, make'their'own personal contributions. '.. -for example the r- phase o and weighti -,, th' )f scoriný ng, ere were some subtleties in that that 
largely passed'me by, 'ý and'I'won'der'' how many'other - people'in the 
audience it also passed by, it might be Aat I may be slower than the rest, 
but frankly I doubt it. - I think there is something about that ' rticular pa 
part'of the methodology that needs to be eýtplained a number of times to 
'-the audience. ' 
Virtually all'of the participants felt that anothe r controversial is'sue associated with the 
structuring of the DMM was the application -of ý the, Balance Sheet. For example a 
stakeholder representative had issues with 'how the Balance Sheet ties it all together 
and ultimately whether that should be at the beginning of the process or at the end of 
the'process 'or how that should be taken into'account'. Another stated that they 
'understand what it's trying to do, in that we're trying to demonstrate and quantify 
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criteria and then bolt on the socio-political side - but I don't agree that this is a very 
intelligent way of approaching a problem for the way you evaluate abatement 
options'. 
AW. 3.2 Is the DMM technique a suitably transparent process: 
For those party to the decision (i. e. you)? 
For those not party to the decision (i. e. public)? 
Many participants believed that the DMM was 'a transparent process, but it depends 
where you involve people at what stage of the process, the bits you don't involve 
people aren't transparent'. Another participant stated that 'transparency is entirely 
dependent upon the manner in which the decision is presented'. However, the 
majority of the participant felt that it 'needs to be a more systematic and recorded 
process than we have gone through today. For example the judgement between 
scoring and weighting should be a sharedprocess between stakeholders and BNFL so 
that essentially it is more about judgements of absolutes and common information, 
rather than a symptom of differences in information available. The whole process 
should be about sharing information andformingjudgements and thejudgements may 
be different for individuals but it shouldn't be about discovering differences in the 
available information of individuals'. This participant went on to state that 'to run 
through the process effectively you need to run through the initial stages of the 
process; setting the context and objectives of the decision. Running through the 
debate about the attributes and the boundaries of the attributes and there definitions. 
I think there is a whole area unexplored concerning the selection of the attributes and 
their interactions. There is a lot of work needed to construct a set of attributes which 
is truly independent and unambiguous. ' 
In relation to this point a stakeholder representative highlighted that the DMM 'could 
a, chieve transparency if there were no pre-set boundaries to the options that the 
stakeholders could select. So going back to the first base the process enabled, 
allowed and encouraged the stakeholders' range of options to be expressed and then 
evaluated then it would make sense. But as it stands it smack of, here are a few 
technical options which the clever people think are relevant and all the rest of it is 
about trying to pick between that limited number ofclever options. Wellintermsofa 
stakeholder process with laypersons then that actually won't work because the very 
first thing that will happen is that some people who simply disagree on d matter of 
principle andyou are back to square one. The process is useful in exploring how the 
evaluation process might work, that is how the technocratic approach might work, but 
in terms of a process that identifies the options that are worth considering it doesn't. 
because I guess, we're not involving real stakeholders, or a sufficiently wide range of 
stakeholders in decisions'. This was also highlighted by another stakeholder 
representative emphasised that 'the DMM seems to establish the decision-making 
context is done in a vacuum, the question I would ask is 'who establishes the context? ' 
and how (i. e. by what process) is the context established? This might sound trite, but 
. unless the process right from step one is seen as open and transparent, it will lack 
legitimacy and will attract criticism. For example, when I was involved in a review of 
waste management options, I was asked to review the one option decided on. It was 
only haVWay through the meeting that I learned that 49 options had been looked at 
and discarded. Any process which seeks to have credibility must either allow scrutiny 
ofall options or at least the process of elimination which resulted in the arrival at the 
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limited range of options to be considered. ý There needs to be an honesty ofpurpose, 
ývhich I don't think comes across. -, Why are these decision's having to be made, what's 
driving them ... ? Thus, what's not on the table is an examination of why this material is being produced in the first place and what the justification for it is. As a result, 
many of the green, anti-nulcear NGOs would not respond to this approach - they 
would want to view itfrom the position ofjustification rather than managing a waste 
stream which should not have been created in thefirstplace, in theiryiew'. 
Furthermore, there , were -again issues -"concerning, ' the Balance Sheet and its 
transparency, because, as a BNFL representative -stated, 'it -doesn't aid people's 
understanding, it's not transparent it just presentsl something- that people will go... 
guess what. The MADA process identifies issues that are going to be offundamental 
importance of stakeholders... so why 'didn't'you'start, therefrom the start". As -a 
stakeholder representative participant added: 'I had , concerns regarding 
the need to, 
integrate all thefactors in together, and not'try and move the'technical and economic 
things-in to one, ýpatch'and then move, on ... L don't 'think ý that' that- is the right 
approach'. -, -'This was elaborated, upon by another stakeholder representative: 'the 
distinction between technical, inputs and the'n'looking at wider socio-political factors 
is'problematic; I as an example, there's an, assumptions - made that assessments of 
radiological impacts are purely a technical'issue, "and I suppose the point I want to 
make'there is that because assessments of radiological impacts are characterised by 
uncertaintý, the way you'deal with those uncertaintiýs can in themselves entail value 
judgements which are'obviously'linked to people, s wider views'on, the'way in which 
the environment should be managed or what should happen'to the nuclear industry 
and so on and soforth. --Different people will have different viewi on the legitimacy of 
the assumptions made in assessing radiological' impact and that's, a point where 
technical appraisals, interact in a, way with wider factors.. This, stakeholder 
representative went on to state that in order to promote transparency. 'you need to 
enable people to see how 
'different 
assumptions impact on, overall decision-making 
output., Atthe endofthedaysome wide'sensitivity analysis may not actually produces 
a big impact ýon decision-making output, ý, 'ýut ýthe-point is,. to'enable, different 
stakeholder to see the way in'which the differýnt assumptions do have a impact. That 
leads into a more general comment about sensitivity analysis, "they are really crucial 
to'secluring a wider buy-in to outputs from decision-; making and people need to be, 
able to see very clearly -the different sensitivity analysis carried out, the ratiOnalfor 
doing that and the impact on results'. 
AW. 3.3 Do you think the technique is robust? 
Itwas generally accepted that the MADA technique and the quantitative aspects of the 
DMM technique were robust: -'it's 
all right where you have -a specific technical issue 
and it's OKfior - coming_- to a technical 
decision'.! 
. 
As, a result, a stakeholder 
representative felt that 'it's robust in terms 6fa lechnique, 'but in terms of who's party 
to the decision it could do with a little shake up, it needs to be looked at again, how 
wide. do you cast'you're net and what do, you take'into consideration. The socio- 
politica'I 'aspect - is, important and, I wonder if ý it,, is given', sufficient weight... '. Nonetheless, there was a view that - ý'given siffcient , time, for discussion and a' 
reasonable mix ofpopulation you would come' to a similar decision most of the time. 
However, - as, 
I stakeholders, often sej(lselect, youýcould, be extremely sensitive to 
individual stakeholders'. Mus, 'as a stand-alone technique it is robust and reliable'. 
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Nevertheless, some participants were of the opinion that 'with all these processes it is 
just a methodology that gives a conclusion but ifyou have another methodology you 
may get different results... so I think quite possibly yes, but whether it can stand tip to 
scrutiny is questionable'. Thus, there was an opinion that you 'don't know that until 
you've tested it in anger'. 
AW. 3.4 Opinion of DMM as a decision-making framework? 
overall the participants in Workshop Two felt that the DMM technique was useful for 
decision-making. Nevertheless, BNFL representatives were eager to highlight that the 
DMM is 'one interpretation of the application ofMADA and therefore given its intent 
and the way in which it has been set up it's fine'. The methodology is there to give 
, guidance to give people steer, I like its fiexibility, but it can be misused. I think it 
takes into account some of the political realities that may affect a decision and 
therefore force some transparency from people who arc more politically driven. 
However, it's raised some concerns in my head about maybe introducing some none 
transparency at the Balance Sheet stage'. Another BNFL representatives was having 
trouble trying to decide what is novel about this, to me it's no different from the 
application of a typical engineering decision-making tool box put into a slightly 
broader context so there is nothing about this which is different from analytical 
techniques for value engineering. This doesn't mean it's bad, we just shouldn't 
delude ourselves that we havejust made a breakthrough'. 
Interestingly, one BNFL representatives stated that 'some of the issues that were today 
borne out actually reflect a lot of the discussions that were undertaken in the 
development ofthe DMU and are now changeling thefundamentals behind it; i. e. that 
it was a technical assessment removing all the socio-polifical aspects. it was quite 
interesting to see the dynamics in the group and the initial responses that were why 
are these excluded, and I think that that was quite interesting and somebody said it 
was moving right into providing a technical argument that was almost getting into the 
Decide Announce Defend kind of arena'. This was also mentioned by a stakeholder 
representative who stated that they 'think it's a useful technique, however, its use in 
terms of whether it gets people to actually understand the basis of decisions really 
depend to what extent people have been brought into key points in the process'. As 
. another stakeholder 
representative stated: V think as it stands it has its good points, 
but one of the things that it lets itselrdown is in actually identifying options prior to 
options and criteria, prior to people coming together to discuss that. Maybe as part 
of the process people need to sit down, and look at your objectives and criteria before 
you come up with a range of options and a range of criteria also. This allows more 
buy-in to why you're doing it and the key issues your looking at prior to making the 
decision'. 
A, stakeholder representative was concerned at the separation of technical and socio- 
political issues in the DMM: 'in the assessment criteria, there is no mention of 
political attitudes and pressures and public perception and acceptability. Something 
might be economic, technically feasible and environmentally sound but be rejected 
out of hand by the public. Everything is relative and it is a feature of peoples' 
attitudes to radioactive waste, no matter how relatively safe something is, compared, 
for instance, to the chemical industry, driving a car or whatever, it will still not gain 
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acceptance'due to* thefearfactor which has been'exploitcd to very good effect by the 
greens 24 - -it's not just technical, ' environmental, ' safety'and economic issues which 
must be considered. " As a result another stakeholder stated: one caution that I would 
add is that you do a heck of a' lot of work up front and you end up throwing out the 
baby with the bath water because you haven't addressed some of these earlier social 
issues, and it saves you a'lot ofpain and heartaches when you come to social issues 
and engagement and find that when you look io'bring other'issues, into'the piece it 
crumbles'. -'' Consequently, " they went'on to, state that it'islimportant to get some 
'information before yoh start the process, in terms of talking to key stakeholders and 
finding out what their main drivers are before you bring everybody together to see if 
there are any concerns before you start the process and therefore making it a bit more 
eaýier to manage. You may find you have more'things in common that you reallse 
with a range of stakeholders. The USual'assumption, is to say that this group of 
stakeholders will react in a particular way, but until you sit them down and go 
through the entire process, about what your trying to achieve andfind out their views 
you', might surprise , yoursey'. 'This was encapsulated' by -inofher stakeholder 
representative who felt a 'bit uncomfortable withgoing through a process' and then 
going through another'stage which pýrports to, ' and'only'at that stage, introduce 
socio-politicalfactors - .. 'it's impossible to make a clear distinction between technical 
and socio-politicalfactors 
AW. 3.5 Should MADA address Socio-political issues: _ý 
With regard to the assessment of s^Ocio-political factors within the DMM there was a 
unified response from both BNFL and Stakeholder r6presentatives ýyes, de/Initely'. 
As one BNFL' representative stated, 'it's got to look at socio-ploliticalfactors, ý as long 
as we live in a socio-politically driven environment you have to look at those factors. 
Just as it woýld be wrong to assume that socio-political should ov'erride'technical or 
economic , factom, . we - have . 'to, ,e 
-a " balance'. ý' However a stakeholder 
representative was 'keen 
to emphasis that "it, is, much more subtle: that -presenting 
technicalfactors'ahd then s, ocio-politicalfact6rs - there's dneedfor integration, there 
are ý obviously -gradations of technicality'. and socio-political ý impact : on different 
factors, at the en 
'd 
of the spectrum yoU'could have 
, 
something that is pretty technical in 
nature and at, the end of the other end of the spectrum you have something which is 
overtly socio-political, but there'is a range'offactors in between, where if you're 
making an artificial distinction you loose the nuances of the way inwhich different 
people, ca In quite legitimately, make, different "assumptions in what might be an 
extensively technical analysis'. ' , 
Howeve*r, - it was understood -that including socio- 
political factors'was 'really difficult, because BNFL'as a company is not responsible 
for try ing to. jollow, the ý desires associated, with'certain -factors. -ý So in terms of 
employment it would not be BNFL's primary aim to increase employment in an area, 
so it's more' a factor that you -would'consider, in a decision rather than 'directly 
numericall 'quantify. -. '. so I think that's extremely difficult, and particularly when we y 
move to contractor basis, what's driving us may well change'. ', 
24 The stakeholder representative gave the decision taken by Ospar in 1998 to make oil companies 
remove redundant. platforms as an example of this. '- The ultimate decisionhad no- basis in BPEO, and 
probably harms the environment more than disposal in situ, but the decision was universally supported 
because the public, and John Prescott, swallowed the green mantra that 'the seas are not a dustbin'. So 
arriving at what might appear to be a BPEO does not necessarily ensure green or public acceptability. 
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One BNFL representative highlighted the reason for the separation of technical and 
socio-political factor adopted by BNFL: 'socio-political factors were left out to 
deliberately expose the politics of the decision and try and separate that from the 
scientific come engineering mumbojumbo. There is a very deliberate move to say 
that socio-political factors are extremely important, in fact I would argue that they 
are they are the most important factors, but in a democratic society, as we are, they 
are the province of elected representatives. Therefore what BNFL has been trying to 
do has been to get that stage of decision-making made transparent by doing the 
science and engineering first, and then say elected representative what is it that you 
really want to do. I think that participation is potentially very helpful in terms of 
identifying the areas where there is a broad consensus and indeed the areas where 
thereisnot. That then exposes (o the political decision-makers the kind of territories 
they are operating in, and I think that is a good thing. But if that doesn't happen then 
ojjj'ciaIs of various sorts will make guess estimates of where these areas are and then 
proceed to fudge it and I don't think that that is right or helpful. And I think in the 
end where there are these big policy decisions, particularly that involve spending 
large amounts of tax payers' money, that our elected representatives are the people 
who are responsiblefor making those decisions. ' 
AW. 3.6 Opinion of the Balance Sheet for imparting socio-political factors: 
Some of the BNFL representatives felt that 'ifpeople go down the route ofseparating. 
out socio-politicalfactors from a decision the Balance Sheet is an ideal mechanism to 
capture them. The debate that leads to the Balance Sheet and the debate today is 
bringing background to incorporating thosefactors but using the Balance Sheet as a 
capturing of assumptions and how those factors were scored to maintain the 
transparency'. With regard to incorporating the socio-political factors into the 
decision-making process, one stakeholder representative believed that the socio- 
political issues raised in the Balance Sheet 'needs to be seen as attributes and brought 
into the main mix of the MADA technique'. As a stakeholder representative quite 
eloquently put it, 'this is one of the most important component parts of it, it's like all 
that we've talked about to day is what we can do from a technology aspect, what's 
stopping you is a couple of public acceptable criterialissues. I think in all these 
scenarios it isn't so much about what you can do and what technology allows you to 
do, but what the public or other stakeholders allow you to do'. Another stakeholder 
representative stated that 'the Balance Sheet as is I think doesn't look at all the socio- 
politicalfactors that you need to look at, so I think there is something missing'. Asa 
result another stakeholder representative was 'not convinced that the Balance Sheet is 
complete'. Consequently, the overall view was well Summed by a BNFL participant 
who stated that 'it's a start, I don't think it Is complete, I don't know if it could be 
better, but it's a start'. 
AW. 3.7 Opinion of the Balance Sheet for reflecting socio-political values: 
The participants' views of the Balance Sheet for imparting socio-political factors'for 
decision-making were mixed. One BNFL participant felt that 'it encourages people to 
start writing them down, and think about what is affecting decision-making. I think it 
really depends on how you present that and how you encourage people to think about 
these things'. They went on to state that 'ifyou did try and include all values and 
views in a very wide range of discussions then that wouldprove to be very expensive 
and a waste oftime and resources, etc. So in some cases I would say that an intuitive 
guess about what a typical green NGO would say might actually be quite useful. I 
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wouldn. 't want to reach a point where you were effectively preventedfrom making any 
progress just because you have to include the views, and actually actively involve 
such a wide range ofstakeholders, that every decision becomes extremely protracted'. 
Conversely although the majority of the stakeholders thought that the 'Balance Sheet 
is a good thing' they were concerned that 'it was given to us, some peoplewould want 
to be involved in developing it as a group'. As another stakeholder's expressed: 'it's 
unfortunate that there weren't more stakeholders here ... the Balance Sheet needs more 
work on and its- the bit that you need NGOs and other stakeholders to work on. The 
Balance Sheet has to be robust to give the whole thing a chance ... involving 
stakeholders in the whole process is the best way to do it'. Consequently, one 
stakeholder in particular was adamant that the approach would create more problems 
than it solves: 'using the NIREXexample, there was a MADA done looking at 12 sites, 
lots of attributes about those sites, but, it was done completely in house and people 
playedproxies and weighting sets, say this is what the greens will thing, this is what 
local government will think, this -is whatever ... it seems to be that that immediately 
makes it suspect because it is a Decide Announce and Defend use of it, but the 
dilemma is, how you genuinely find engagement?. Therefore, overall there was an 
issue with the transparency of the Bala4ce Sheet: 'Id like to see much more 
exploration of the social aspects of the decision-making process and how you weight 
that in the decision-making process ... you need a more in-depth breaking down of the 
socio-political factors'. This point was picked up by an other stakeholder 
representative who had concerns that the 'distinction between technical and socio- 
political is rather artificial, and when you get to things like the Balance Sheet, 
obviously- what financial value you attribute to manSv is also a potentially 
controversial area and there is all sorts of assumptions buried in there and it's 
another area where I think there is a needfor wider stakeholder review over, well I 
suppose in the first place whether it is appropriate to attribute financial values to 
manSv'. 'Another stakeholder representative also commented on the use of 
aggregation techniques because environmental decision-making is 'value-judgement 
driven and there should be no interpretation of the results into e. g. theoretical deaths, 
sub-lethal impacts etc as the debate will be subject to the low-level radiation issue 
and to prolonged attack on radiological grounds. Presenting the bare facts (as was 
done, in connection with the Cricklewood issue 25 on residual radioactivity after 
marshalling trains) seems to be the best approach'. 
AW. 3.8 Suggestion of other decision aiding techniques worth investigating? 
one of the participants in Workshop Two felt that 'MADA is a more than adequate 
approach for anything from simple through to very complýx decision-making; much 
better that a CBA approach. Because it allowsyou to incorporate other factors, 
which are often, subjective value judgements, is one of the real strengths. One of the 
difficulties of CBA is having to take valuejudgements and reduce them to costs and 
that ý is, very -- difficult and ends up more probably more bogged down in 
disputes 
because someone has put a value of U, 000 on the amount offish that have been lost 
25 Referring I to the transportation of nuclear materials through London. British Nuclear Fuels (BNFL), 
through its rail transport subsidiary, Direct Rail Services, proposed to use the Cricklewood depot, 
located in north London, as a central marshalling yard to gather wagons carrying spent nuclear fuel 
from power reactors in south-east England before taking them on to Sellafield for reprocessing. See: 
www. london. goy. uk/assembly/nwtmtgs/2001/nwtmtgsmarl5/ papers/nwtmtgsmar15item4al. pdf 
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in a river. That then becomesIgets into a very much a motivelconflict debate whereas 
signing scores against impacts I think allows groups to come to a consensus'. 
However, those that have used the technique in earnest, in the BNFL National 
Stakeholder Dialogue programme run by the Environment Council for example, for 
making real decisions in live decision-making processes were less complimentary. 
For example one participant emphasised that 'there are circumstances where issues 
are highly controversial where those techniques are incapable of generating an 
answer, because there is a polarisation of views, and in those circumstances, as 
within our stakeholder dialogue experience, that an alternative approach called 
Strategic Action Planning (SAP) is capable offully exploring and expanding this area 
of consensus. So despite the polarisation there was a basis for BNFL to move 
forward because MADA wasn't working'. Another participant, also familiar with the 
use of the MADA technique in the BNFL National Stakeholder Dialogue programme 
stated that: 'using MADA in stakeholder dialogue didn't give us an answer, so then 
we went to SAP, howyou manage uncertainties, that, to, me, gave a very transparent 
way of identifying what exploration needs to be done and what contingency planning 
needs to be done and that, to me personally, and BNFL isfine'. The use of SAP was 
also mentioned by another participant: 'Strategic Action Planning I think is a little 
better in some respects because you take a lot of time on your assumptions. In the 
DMM there is not a lot of time spent on contextualising what it is you're doing and 
making specific notes on the boundaries your imposing on the decision'. 
Another technique suggested was the 'deliberative mapping work that UCL and 
Sussex University have been doing, which is an explicit attempt to mend Multi- 
Criteria Assessment techniques to deliberative techniques, in a sense they undertake 
MCA in a way which brings together experts and normal citizens'. 
AWA Stakeholder Interaction 
AWAA Do stakeholders have a role to play in BNFL decision-making? 
Within Workshop Two there was a general consensus that stakeholders should be 
involved in BNFL's decision-making; 'Absolutely, 100%' was one stakeholder 
representative's reply. Another stakeholder representative stated that 'ifyou don't it's 
at BNFL's peril and everybody's, I think ... you have to be open and honest, that is the 
key'. A BNFL representative remarked that 'it is simply a necessity these days to 
involve stakeholders in the sense of fully understanding what their views and 
aspirations are'. 
However, there were concerns raised by a stakeholder representative that 'you start 
from quite a way down the track, that might be acceptable to some people who are 
more realistic about the way in which you have to make decisions, because you have 
got to balance decision-making and getting on with the job with openness and 
transparency, I appreciate all that, but people who are more realistic and are more 
fundamental say that the industry has to have special processes around decision- 
making and that would suggest that you bring people into decision-making much 
earlier on'. - This view was reinforced and expanded upon by another BNFL 
representative: Y think there is real problems with the Company reaching a decision 
and then seeking opinionsfrom others because the tendency is always to defend after 
the decision has been made so if- your going to actually involve the views of 
stakeholders then you should have them in rightfrom the start. On the other hand the 
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decision to included them should be on a case by case, in a lot of cases you wouldn't 
want that heavy involvement from the start and you may be willing them not being 
involved and you defending the decision you come to'. This issue of 'level of 
involvement' 'was raised, by another BNFL representative who believed that: 'it 
depends on the decision that is being made ... one of the problems with some of the debate over stakeholder interaction and involvement in decision-making is that it is 
viewed very much as a must have, and must have in all situations - which can't be the 
case - if business wants to operate and have a free hand and be able to respond to 
competitive market forces., If BNFL were to enter into the process we used today, 
given the number ofpIants the number of issues on the plants and the complexity of 
the issues that we have to resolve, were we to enter into that process for all of those 
we would effectively grind to a halt, finding the balance between what the right scale 
of project or'right time is something that needs further work. A stakeholder 
representative addressed this issue: 'when do you decide that and option assessment is 
stifiJi'dently important to involve external stakeholders; it's a big issue, and it seems to 
me that the answer is basically that you sit down with stakeholders and you work out 
some guidelines about when you bring in external stakeholders. There are going to 
be some option assessments where stakeholder aren't going to want to get involved 
and don't think they have a role to play, whereas there are others that clearly have an 
important role to play and stakeholders' own perceptions of those distinctions might 
be rather different from the decision makers. It would be good practice to try and 
develop guidelines when you involve stakeholders in option assessment by talking to 
stakeholders about it'. 
In spite of these issues a BNFL representative, who had been involved in the BNFL 
National Stakeholder Dialogue programme, was adamant that 'some of the stuff that 
BNFL have been involved infor the lastfouryears has infact been very influential in 
shaping the approach that the BNFL executive and board have taken, and there's also 
some evidence that the stakeholder dialogue process has certainly informed attitudes 
of some ministers, whether it has changed their views on some decisions is another 
issue, but certainly it has sufficient profile to be able to get access to ministers in 
ways in which BNFL as a P1c wouldn't have been able to do'. They went on to state: 
'I've been involved in -conflicts with the 'greens' since 1983 and some of those 
conflicts have involved court action and all kinds of stuff. So I have been there and 
done the conflict approach and ultimately it's sterile and a stand off. "at 
stakeholder dialogue, - or variants of it, offers is a way at least of movingforward in 
those areas on which we can agree - recognising that there are some topics over 
which we are never going to achieve complete agreement and we'll just have to be 
satisfied with those areas on which we can agree. So, on balance, I much prefer 
stakeholder dialogue as opposed to appearing in court. 
In relation to the changes that the Company is going through a stakeholder 
representative felt that the question was 'pitched against a moving target as because 
the creation of the NDA and the much changed role BNFL will have when the NDA is 
in place. I think the answer is straightforward about whether stakeholders have a 
role to ply in NDA decision-making, because the NDA is going to be the strategic 
decision-maker there's no doubt in my mind that a wide range ofstakeholders need to 
have an input in that. But if BNFL is a site contractor and therefore focussing on 
operational 'matters it's less clear-cut the extent to which it needs to engage 
stakeholders'. A BNFL representative reiterated this point 'it depends on what the 
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Nuclear Decommissioning Authority (NDA) require ofBNFL and I think that the NDA 
will encourage stakeholder involvement and therefore yes. But as a contractor I 
imagine to a large extend we'll do what the NDA request of us'. 
o If so who should be included? 
With regard to which stakeholders should be included in BNFL's decision-making the 
response was fairly mixed. One stakeholder representative emphasised that 'there are 
different groups ofstakeholders. There are those that are directly affected and know 
they are and there are those who are affected and don't know they are'. As a result, 
another participant emphasised that 'you can't be prescriptive, ask the question and 
see what response you get ... one of the questions that was raised this afternoon is who 
is a stakeholder and until you ask the question ofa wide group ofpeople you'll never 
know'. 
Others believed that there was a need to match the stakeholders involved to the 
decision being made. For example, a stakeholder representative stated that it 
'depends on what level of decision-making your working at, if your working at a 
broad policymaking decision then it's a different set ofstakeholders than if it's to do 
with a particular issue around a local site; it's horses for courses. But on bigger 
issues you need NGO views, elected local government, where regions are coming 
from, e. g. regional economic development bodies, and maybe use a mixture of other 
techniques, - e. g. focus groups with different people'. Another stakeholder highlighted 
that there were five basis groups of stakeholders, 'the Company, Trade Unions, Local 
Authority, Regulators and interest groups outside the company - the otherfliterlgroup 
is the public, but who is the public, ý scout groups, Women's Institute, elected 
representatives, howyou get representativeness is very tricky'. 
Thus, although others fully supported stakeholder interaction, they were more 
sceptical of the use of stakeholders in decision-making due to the issues surrounding 
stakeholder representativeness. For example a BNFL representative stated that they 
would 'like to see people be included who have a real stake, rather than people who 
claim they represent a real stake. For example, people in Berkshire made a heck ofa 
lot of noise and about plans to improve road access to west Cumbria, another 
example is people from Transport 2000 who were going to protest about the 
construction of a bypass around Kirby Thore, I don't know how many people have 
been killed the village over the last 20 years. I think that the are examples of y 
stakeholder claims being counterproductive to stakeholder interests'. This was also 
mentioned by another BNFL representative who felt that 'one of the difficulties with 
the nuclear industry as a whole, and I've seen a lot of work done on the perception 
risk and about active stakeholders, is thefact that we have very different groups. For 
example, we have the local groups who see the benefit from the fact that the site's 
there and are interested in the effect that the operations have on their day to day 
business, to the extreme where we have people who are not affected in anyway by the 
operations undertaken in West Cumbria but who are very vocal, and it raises the 
question who is the person. That is something that is very, very difficult to get to the 
bottom off, given the stigma that is attached to the industry'. This view was also 
expressed by a stakeholder representative who was 'not convinced about who are the 
stakeholders, and whether or not some stakeholder represent valid opinionsfrom the 
public. Some of them are professional stakeholders and therefore they might not 
believe what they are saying they arejust drumming up business, they are the means 
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of their own employment - you have to be very wary of that. The idea of developing 
citizens'panels as a way of getting around that, and getting more direct accessible 
viewsfrom the public is worth looking at. The UKCEED 26 thing did seem to work... 
we've had one attempt we should have more... '. 
If so what role should they have? - 
Many participants considered that the role stakeholders have, in decision-making is 
dependent upon the decision being made. ' One stakeholder participant believed that 
the stakeholders' 'role such be part of the decision-making process, not just Decide- 
Announce-Defence, ý but consulting, earlier in the -process and at the same time 
recognising that ultimately a decision, will have to be made at some point. But in 
order to arrive at that decision you should be prepared to listen to stakeholders' 
views and take those views on board. You should notjUst list them and say 'thankyou 
very much and thankyouforyour input'but actually do something and be seen to be 
doing something as well -you have to have a methodology that can measure that and 
can show stakeholders how a decision is made, howyou arrived at that decision and 
how you took their views on board. If it's against their views then that needs to be 
explained andyou need to show stakeholders that you value their input. 
However, a number of BNFL representatives were keen to, emphasise that: 'the 
company always has ý the right to make decisions but whether those decisions are 
accepted or not is another matter. Abwever, ifyou involve people in decision-making 
then you have afar'better chance ofit being accepted. But you should never loose 
sight of the fact that the company'makes the decisions, stakeholders can inform the 
decision. ' As a result another stakeholder made the point that there is a 'an important 
distinction between a process for understanding clearly where important stakeholder 
groups come from and an issue about how they are engaged, because they may or 
may not want to befor their own reasons ... and in having got those opinions how the 
organisation then weighs up what'to do in theface of those opinions is important'. 
As one BNFL representative put it: 'I thinkyou have to be careful what you interpret 
as a role; they should inform, observe, and contribute, but at the end of the day the 
decision, should, be -, BNFL's. Until stakeholders are taking responsibility and 
accountability of the decisions they should not be making decisions. Stakeholders 
shouldn't claim to be able to make a decision without taking accountability for the 
decision being made'. However, an important point was raised with regard to 
potential situation that may arise where 'a decision maker optsfor a different outcome 
than that arrived at through deliberation, then the reason for that needs to be 
explicit . 
AWA. 2 Do citizens have a role to play in BNFL decision-making: 
* -If so what role should they have? - 
On the issue of citizen involvement there were mixed responses. A stakeholder 
representative believed that citizen involvement in decision-making would be 'useful 
to counteract the extreme hobby horse views you getfrom some of the NGOs'. This 
was re-iterated by a BNFL representative: 'Id love to see that, so you wouldn't get 
such a polarisation of views'. A stakeholder representative emphasised that 'citizens 
26 The United Kingdom Centre for Economic and -Environmental Development (UKCEED) national 
Consensus Conference was held on 21-24 May 1999 at Westminster Central Hall, London, on the 
theme of Radioactive Waste Management (www. ukceed. org). 
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should inform, to get the most buy-in as possible, you have to go to the public, and 
there are a number o mechanisms in which this can be done. Furthermore, ifyou )f 
have a central core of dialogue and discussion you can take it out to the publicfor a 
reality check to see that dialogue is usefuL There are certain decisions that the 
company should take which have an impact on the area which is so serious that they 
go beyondjust making a decision on behalf of the shareholders, they should be in a 
decision-making role, they can, in certain circumstances, be part of the decision- 
making process - for example the end points for nuclear sites, , it's in the public's 
interest to have a input into that, whether they want to spend a couple of billion and 
have a green field site where the kids can play or whether they want a lump in the 
middle ofit and spend a billion less andput that billion into the community in another 
way'). 
However, some BNFL representatives could not make a distinction between 
stakeholders and citizens: 'it's a bit too subtlefor me, we define our stakeholders in 
terms of that subset of all citizens who take an interest in what we're doing'. This 
was reinforced by the following comment, 'I don't recognise a distinction between 
citizens and stakeholders, it's politicians, smallp, playing with words'. Contradictory 
to this a stakeholder representative believed that there is a 'distinction between 
stakeholders and citizens, although I know some people don't see it, to me I think a 
stakeholder is a representative or a reflector of a particular group that is engaged on 
an issue. A citizen is someone who doesn't have an active interest, but of course they 
might become engaged and want to express their view'. In relation to this comment a 
BNFL representative was concerned about ', how you engage with a citizen when 
stakeholder engagement is getting a bad name ... stakeholders in the nuclear industry 
are getting a bad name because they are regarded as having vested interest. I don't 
believe that You can engage with individuals, I think that a representative from a 
stakeholder organisation is going to be used'. As a result some stakeholder 
representatives were of the option that citizens 'tend to inform the debate rather than 
the decision. It's who represents the public, public opinion is important because it 
tells you what you need to do in terms of activities, but in terms of decision-making I 
think local communities have more ofa role in informing decisions'. , 
Interesting a stakeholder representative was concerned that 'it's quite a sensitive issue 
for somebody comingfrom local government, the issue of representative democracy 
versus participatory democracy. I think it's a battle that's not worth fighting, you 
need to effectively work with both so you get both informed officer level engagement, 
but you also get what members should be good at and that's knowing their 
constituents and being able to feed that first hand into decision-making. ' Another 
thought that there would be difficulties because it 'boils down to making sure that 
citizens as opposed to stakeholder have the information they require to buy-into the 
decision and that's difficult. It's one ofeducation, ofmaking the issue interesting and 
important that they want to take part in the process; unless the issue is explained in 
such a way that they can see that it is of interest of them they might not be interested - 
you can take a horse to water butyou can't make it drink. ' 
; If so when and how should citizens be included? 
or those that believed that citizens should be involved in the process it was 
emphasised by one BNFL participant that 'I would rather like to see them to be 
involved throughout the entire process so they're notjust receiving a decision at the 
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end and also always objecting to something which has already been reached, which is 
my impression ofa lot of consultations'. A stakeholder representative recapped: 'from 
the beginning - throughout theprocess'. 
AW. 4.3 Does integration of BNFL experts & stakeholders affect decision- 
making: 
Process? 
The integration of BNFL experts and stakeholders would affect the decision-making 
process 'because when you're dealing with complex subjects you need experts from 
outside the company as well to balance the decision-making process, so it will affect 
the process and ý outcome and make the decision-making process more robust'. 
Furthermore, a point raised by a BNFL representative was that 'it might be quite 
refreshing, because with current BNFL you tend to get a defensive mentality so 
having an external view may balance things out'. This was reiterated by a stakeholder 
representative who believed that 'it will affect the process in -that the process will be 
tweaked with the different viewpoints being raised. As one stakeholder 
representative stated, it will affect the process if, 'you can get them all integrated and 
trusting each other then you have most of the battle won. It's a very difficult thing to 
achieve, but it's worth BNFL putting the effort in, if they or the NDA, put in 
ElOmillion over the next couple of years encouraging better co-operation, bringing 
people together whether it's workshops, chat shops, whatever it is, it's all helpful'. 
However, although integration may affect the outcome, a BNFL representative was of 
the opinion that 'the issue is the extent to which you might reasonably expect it to 
improve factors before you reach a point of diminishing returns and the 80120 rule 
may apply - 80% ofstakeholders may actively contribute to and improve the process 
whereas 20% will use the process, de-constructively'. In an attempt to solve this 
problem an important point was made by a stakeholder representative that: 'all the 
stakeholders involved in the process have to own the process, be comfortable with the 
process, in orderfor it to be seen as a legitimate process - there are always problems 
when decision makers try andforce a process which they have devised on a wider 
range ofstakeholders, you need to develop the methodology with the stakeholders'. 
As a side line a -BNFL representative was 'very disappointed that we didn't have the 
range of stakeholders that we should have had' regarding the Enviromnent Agency 
(EA) and Independent Nuclear Policy Analysts. As a result it was felt that 'the output 
from today is going to be swqyýd by thefact that people were like minded ButIthink 
that it's been a good spread and we have legitimacy'. 
Outcome?, 
The participants as a whole felt that the integration of stakeholders positively affects 
the decision outcome: 'it's a given'. Furthermore, one BNFL representative, 
previously involved in the BNFL National Stakeholder Dialogue programme, 
believed that stakeholder interaction in the decision-making process can 'change some 
decisions, - infact BNFL could ague that the decision to close the MAGNOXstations 
was informed by stakeholders'. However, with regard to the effectiveness of the 
process one BNFL participant held the view that although 'it does positively influence 
the outcome, the question is whether within, the current climate and for certain, 
decisions the bias ofinfluence ofthe 20%, which may be 5% in reality, has the impact 
that it ought to have.. You can involve 80% of the people and earn respect for the decision but ý in the current process that doesn't mean that the decision is easier to 
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implement or present'. Furthennore, an issue was raised that it is 'entirely dependent 
upon the make up of the group, you may come up with the same criteria and get the 
same descriptions, but you would still get different results'. Nevertheless, as one 
stakeholder representative stated, 'ifyou have people in the process who haven't got 
an axe to grind, a genuine stakeholder, who has nothing to gain other than doing 
what's right, shall we say, then that will affect the public's view of the decision'. 
AWAA Does stakeholder/citizen involvement affect public acceptance: 
Some participants could not comment on public acceptance - 'I have no idea' - 
whereas others took a more confident stance. Some of the participants, generally the 
stakeholder representatives, felt that 'if you make decisions in isolation that aren't 
transparent then there is a degree of cynicism within the public as to how and why 
that decision was reached. Another stakeholder felt that 'having external parties 
representing regulators and local authorities definitely does assist in providing some 
additional confidence in terms of transparency of the process. However, I still think 
there would still be reservations over doing this, nevertheless, it's a valuable thing to 
progress with - there's been a drive to push stakeholder integration in decision- 
making'. As a result some BNFL representatives were more apprehensive: 'I'm not 
sure that it does in broad terms because I don't think that we've been through the 
cycle sufficiently to see whether politicians are prepared to use stakeholder 
involvement to confront pressure groups or whether they will still see pressure group 
representing large vote loosing influence'. This point was addressed differently by a 
different BNFL participant: 'that's a really interesting question because I actually 
think in a stakeholder dialoguelengagement process of the sort we're discussing the 
predominant risk is not to the body corporate, but to the individuals who represent 
stakeholder groups, who come along and participate in the spirit of the process, and 
then discover that they are unable to persuade the constituency, who views they are 
mandated to represent, and then there is a major personal and organisation conflict. 
So on that dimension there is an open question about how effective stakeholder 
dialogue can befor those key groups who do not like what we're doing, who have a 
very clear agenda and who mightjustfind that the people who represent them might 
start shifting awayfrom the party line and then problems startfor the individual and 
the organisation'. 
The need for effective communication was also highlighted by a stakeholder 
representative, the approach is only useful 'ifyou find away of telling the public.. '. are 
the public interested? '. Furthermore, there was a word of warning: 'it can provide 
defensible decision, but at the end of the day unless it's done eyes wide open by the all 
participants ... you only need one or twofailures'. 
AW. 5 Fairness & Equity 
AW. 5.1 When should Decision Analysts be involved in the DMM process: 
e Internal? 
The participants in Workshop Two stated that internal Decision Analysts (i. e. BNFL 
representatives/experts) should 'be involved at the earliest possible stage'. 
e External? 
With regard to the inclusion of external decision analysts in the process the view was 
expressed that it 'depends what you want out of it, this process can be usedfor many 
things within the company which never go outside. But ifyou want a decision that 
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you want to sell, then it's best to involve external people from the start'. Another. 
highlighted that if BNFL 'leave it, leave it and leave it they'll have to go back and go 
over the ground you have previously covered'. Consequently, for controversial 
decisions there was the view expressed by some stakeholder representatives that ' if 
you're lookingfor buy-in then you need to do it in tandem, ifyou like, you need the 
internal and external experts in the same room together so at least when you get to. 
the end hopefully you're in a position where both internal and external people can 
agree on the scope, on the process and what their looking to get out of it. They should 
be involved from the first stage,, in, defining the decision context'. Another 
recapitulated: 'from the beginning, as early as possible ... BNFL need to demonstrate 
that its decision-making process started early on and involved as wide a group of 
people as possible from its earliest stage'. It was'also pointed out that: 'external 
participants would be usefulfor values judgements andfor setting the context of the 
decision'. 
However, a BNFL representative felt that they would 'like to see them [stakeholders] 
throughout in those cases where there was a lot of interest perhaps, but only in those 
cases'. Subsequently, there is an issue about scaling the process and the inclusion of 
external to parties, to the decision being made: 'there is a question that relates to the 
scale of the decision and the importance', a stakeholder representative expressed that 
'it depends on the scale ofthe decision ... it's horsesfor courses'. 
The point was also made that stakeholders may not, and in some instances cannot, 
always contribute because 'there is a 'delicate trade off between stakeholder 
involvement throughout the process and, the reality of stakeholders to maintain that 
level of engagement'. This issue of stakeholder fatigue was also picked up by another 
stakeholder representative who highlighted that there is 'an issue about capacity 
building, indifferent stakeholder groups, which has been flagged by the DTI in their 
thinking about a stakeholder engagementframeworkfor the NDA, there is recognition 
that various stakeholders are suffering from consultation or dialogue fatigue, and 
their resources are too thinly spread, and there are needs to look at ways to enable 
them to participate in these deliberative processes people are so keen on at the 
moment; that might involve training, funding, access to technical expertise and it's 
potentially a big issue for the future. One of the issues also is how you identify, 
particularly in environmental groups, those people who are going to be collaborative 
negotiator and those who are positional bargainers; there's no point on wasting a lot 
of time on people who are simply going to re-iterate well known positions, in a sense 
you need to encourage involvement from those who are going to bring a 'green' 
critical edge to proceedings but are actually going to make an impact, or make a 
contribution, which moves beyond just continually returning to their well known 
positions. These are all big issues and they need to be addressed'. 
AW. 5.2 Was the process carried out in a fair manner? 
All participants believed they were treated equally and the process was carried out in 
a fair manner because 'everyone seemed to be listened to and no one was ostracised'. 
However, one participant expressed the view that, although they believed they were 
treated equally and the process was carried out in a fair manner, 'there were a couple 
ofsItuation where discussions were ended prematurely'. However, this was necessary 
in order to complete the workshop in the restricted timeframe. 
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AW. 5.3 Were the facilitators independent and did they act fairly? 
The entire group felt that the facilitators were very good: 'having worked with 
Richard and Co. before he knows the subject and how to manage these issues'. 
Another participant stated that there 'was remarkable tolerance with all concerned, 
people were tolerate with regard to discussions'. 
AW. 5.4 Did the facilitators add to the decision-making process? 
The group felt that 'Richard was very well informed and he helped throughout the 
decision-making process'; farthennore 'it helps ifyou have somebody who has a track 
record'. It was voiced that independent facilitation 'is essential for this kind of 
decision-making process and it assists in transparency and acceptability of the 
decision'. One stakeholder representative thought they were 'because they are 
facilitators they are standing back and can take an objective view and can pick upon 
salient points and build them into the process', as a result, highlighted by a BNFL 
representative, 'where you have a complex process, particularly where complex 
thoughtpatterns and discussions need to be very clearlysorted out and recorded, then 
facilitators are useful in that situation'. Consequently, one stakeholder representative 
quite poignantly put it: 'withoutfacilitation you're in a spot ofbother really'. 
AW. 5.5 Does independent facilitation affect the public acceptance of decisions? 
Regarding the effect of independent facilitation on the public's acceptance of the final 
decision the participant's responses varied. Some participants believed that 
independent facilitation 'can help the transparency of the decision, because they are 
independent, they don't have a vested interest, andpeople recognise that - the honest 
broker'. This opinion was re-iterated by another stakeholder representative who was 
of the view that 'if it's managed by an outside charitylorganisation it gives it much 
more credibility and that's been borne out by the Environment Council dialogue work 
and the reports that have been published and how these have been used by politicians 
and decision-makers without bias either towards BNFL or any stakeholder involved'. 
However, others felt that although it may help the decision-making process it would 
have limited impact on the overall acceptance of the decision: 'no, I think the skiy'ul 
facilitation allows the whole process to flow and allows outputs to surface sooner as 
opposed to later ... whether those outputs are then accepted is partly dependant on the 
reactions of the individuals who participated in it, but also to the extent that those 
individuals are representatives of their sponsoring organisations, there is a whole 
other process that can arguably can go on and anything might come out of that'. 
Continuing this point another BNFL representative stated that: 'no, it would help the 
group operate ifyou had people from different background and viewpoints so ifyou 
had the greens and the industry then an independentfacilitator would be very useful. 
I think it's how you promote that facilitation, if the DTI or DEFRA were promoting 
some sort of consultation process then that would be better in the public eye than 
BNFL, because then they would see the result being biased'. With regard to the 
independence issues mentioned above one stakeholder representative speaking from 
experience felt that: 'thinking about the national dialogue it's been very helpful that 
the Environment Council have a website where key document can be put, it's all about 
how things are perceived. It's not seen as something purely BNFL even though they 
are equal players and it's their process and they funded it. I actually think that it's 
very usefulfor the Environment Council to have that role'. 
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Interestingly, a number of stakeholder representative perceptibly raised the point that 
if you don't have independent facilitation, external stakeholder won't be interested in 
partaking in the decision-making process: 'I'm not sure about public. acceptance, but 
high quality independent facilitation is essential for running a process that a wide 
range of stakeholders will run with and view as legitimate' as a result 'if you don't 
have it they are not going to want to get involved in it'. 
AW. 6 The Decision Outcome 
AW. 6.1 Do yI ou agree with the group outcome of the decision? 
The' decision output was'-not 'relevant to the research and as a result the participants 
'treated that'as no 
,t 
the prime objective of the whole thing'. However, even thought 
that was the case the entire group agreed, within the constraints of the workshop, with 
tlýe'technical outcome of the decision-making process. ' For example, one participant 
stated that: 'from ii'technical point of view the option we picked was the best one'. 
Another, acknowledging the restrictions in place, felt that the 'outcome followedfrom 
the way'the attributes were set UP and the way they were quantified and the outcome 
Mind I was I entir' I pla ' ible" to my * ey us . 'Another felt that 'it was the logical outcomefrom 
the parameters given to us to describe the different attributes in the process. Ithough 
the, process today wasfine'. There was even a case where although a BNFL 
representative didn't agree with the whole decision-making process they agreed with 
the outcome: "yes, 'although T didn't agree with some of the numbers against the 
criteria'., 
However, the lack, of NGO representation was also commented upon again: 'yes I 
agreed with the outcomý, in sojar as there wasn't any green stakeholders involved in 
the decision-makingprocess, - we may have come to a different conclusion and it may 
have taken a bit longer to get there'. 
AW. 6.2 Do you accept the group outcome of the decision? 
The majority of the group's participants accepted the final decision. However, there 
were issues assoýiated with the focus on the technical aspects of the decision: 'yes, 
given the people on 'the room and that we looked mostly at the technical aspects as 
q&oS'ed to -the -socio-economic aspects'. Another BNFL representative 'thought it 
was too artificial, therefore it's dijji'cult to say, But I agreed with the outcome, if it 
had come up with a different result I would have wanted longer to argue my point and 
resolve some of the areas of uncertainty; which is one of the big issues. If it had also 
come to a different conclusion and I was in a minority in the group, for example if I 
was in an industry group and green NGOs outnumbered me then I would think we're 
playing a numbers game. So maybe the makeup of thegroup needs to be carefully 
thought out'. Thus, another stakeholder representative highlighted that 'you need a 
balance for decision-making, experts and stakeholders need to be there, it has to be 
balanced... 'ifyou., don't have a balance you'll undermine the decision'. As another 
participant statedi 'if the process isfair then is should befairly easy to accept'. 
AW. 6.3 Is this type of decisioti-making process is effective? 
There were mixed views that the decision-making process would work again. Some 
participants viewed the approach as a tool: 'it's better than nothing, it's a starting 
point,; it givesi consistency to the BNFL approach to decisiOn-making even though you 
can end up with different results. It avoids some of the obvious pitfalls you can go 
down with decision-making'. 
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Conversely, others accepted or rejected the current technique, for various reasons. 
Some participants were positive: 'yes, what it does isflush all the issues out and bring 
fresh ideas and issues to the floor. We haven't got all the answers to all of these 
questions and one thing this does is make you think and realise that I haven't thought 
about that and it's extremely relevant'. The main drawback of the approach was that 
there is a need to 'resolve the issues of setting theframe of the decision, establishing 
the clarity of the attributes for scoring, and identifying the process for getting around 
the various family of attributes in the socio-political, ecological and technological 
areas are dealt with sufficiently'. This links into the issues associated with the 
separation the socio-political and technical aspects in the decision-making process: 
'from what we've seen we need to look more deeply at the socio-political aspects of 
the decisions'. 
However, there was an overriding concern expressed by a BNFL representative that 
the 'dijji'culty comes in, for example in the technetium situation, where an internal 
technical assessment came up with an option which was not to deviatefrom current 
practice and there was quite a strong casefor goingfor that solution. Yhat went into 
the external consultation with the EA I think there was little surprise that the BNFL 
option came out very much lower down the rank order of options. "ich does bring 
into question the validity of the way in which the techniques can be used to almost 
guide an outcome through the choice of the attributes and the way in which are 
scored'. 
AW. 6.4 Did you enjoy the experience? 
All of the participants thought that 'it's been and interesting day' and that 'it's always 
stimulating to hear people's views and see how they react as well as learning perhaps 
different ways of using different approaches'. Some BNFL representatives felt that 
'it's been very, very useful to test the process with parties who haven't previously 
come across it and it has highlighted a lot of issues that need to be fed back in to 
review where the DMMprocess goes'. 
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Day Two Consistency Question: 
AW. 7 Have any of your views with regard to: 
e Information Provision? 
Many participants felt that the LCA information 'reinforced what I got from the 
session yesterday'. This, as a stakeholder representative stated, was because 'the LCA 
helped us to understand the problem better, and personally I think it should be an 
intejv-ra part ... we have to look at our regulatory remit as to howfarforwards we can 
take it'. Another stakeholder representative was also impressed with the application 
of the LCA information: 'I thought the stuff on LCA was good I hadn't in any depth 
come across it before, but I have come across the concept behind it. I thought it was 
really useful input, I'll raise it with my colleagues who deal with our susihinability 
work'. 
e DMM methodology? 
With regard to the impact of the LCA inforination on the DMM one stakeholder 
representative felt that it 'raised questions as to whether the attributes werefUll and 
complete and I think that there were different views expressed. Idofavourtheuseof 
LCA as a separate attribute, but I understand people's reservations. They see it as 
part of thefigsaw a bit like Cost Benefit Analysis (CTA) but it's not the same, it's a 
much more tangible piece of information whereas CBA is literally a balancing 
exercise ... LCA is providing information on impacts. This point was also picked up 
by a BNFL representative: 'LCA has clearly demonstrated that it could potentially be 
a useful tool for supporting any decision-making approach, although it would be 
worth knowing what information was coming in from the start to help you specify 
your MADA categories. It needs to be brought in right at the beginning so there is 
agreement on the data that you are going to collect'. In a similar vein another BNFL 
representative's view was that 'the LCA definitely reinforced the outcome of the 
decision. I think had the LCA information been available yesterday, with regard to 
chemical impact and resource use where the discussion wasn't going veryfar very 
fast, it was quite clear that option 3 was at one end and option I was at the other and 
I guess because it was early on in the session we plumpedfor a middle score without 
teasing out why that was the case. The additional information, had it been available 
at that point would have very quickly brought the discussion around to indicating that 
the middle option was very much closer to one ofthe extremes'. 
There was also the view that the LCA 'affects- the DMM as it provides some 
additional depth to the attributes, it's complicated about how you add it into the 
process. I think the company needs to sort of reshape the attributes of the DMM to 
match those provided by the LCA'. A BNFL representative also emphasised that the 
'second day has lifted a veil on how LCA may, be incorporated into the MADA 
process, but I stress mavbe'. 
In light of these points a BNFL representative was aware that: 'views were reinforced 
by the second day, and the need to establish right at the front the clarity of the 
attributes and the information sharing associated with the attributes. It's almost as if 
the whole methodology needs afront end, and there are big questions to be resolved 
about the front end about and the level of decision-making that is appropriate in 
terms of the depth of the information and the attributes you look at ... but also what is 
the appropriate balance ofstakeholder input'. 
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With regard to socio-political factors and their role in the DMM one BNFL 
representative was 'increasing convinced that certain socio-political aspects should 
be assessed at an earlier stage in the MADA and not brought in at the Balance Sheet, 
however, BNFL and maybe even the stakeholders that BNFL involve in any decision- 
making may be limited to comment on certain socio-political factors and so certain 
factors may remain outside our scope to be assessed'. 
* Fairness and equity of the decision-making process? 
Most participants felt that the fairness and equity of the decision-making process was 
unaffected: 'no it didn't affect it'. However, a stakeholder representative/participant 
did feel, with regard to. fairness and equity, that 'ifyou are trying to understand the 
wider ramifications of what that particular process is doing in terms of its inputs and 
outputs on the wider environment then it does help to betterfactor in the significance 
ofit 
AW. 8 Life Cycle Assessment (LCA) 
AW. 8.1 Was LCA & the Carbon-14 study, clearly explained & understandable? 
The participants felt that the LCA information was sufficiently explained and was 
understandable: 'yes, it was reasonably clear to me and it is thefirst time I have come 
across this particular technique'. Some participants commented upon the restricted 
timeframe of the workshop however, as stated by a BNFL representative, 'given the 
time available it was as good as it could have been done'. Another concern was the 
quantity of the information given to the participants: 'there was a lot of information 
given,, whether we needed it all was questionable since it was the last two or three 
slides that were the key things and that's what got the debate going'. However, a 
stakeholder ý representative felt that they ! found it useful, but at the same time I 
realised how dijfIcult it is in terms ofwhere you stop the process and howfar out you 
go in terms of identifying the factors that impact upon your assessments. It that 
respects, it was an eye opener'. However, further research into the techniques was 
suggested by one stakeholder representative: 'it's a developing area and BNFL should 
remain interested in it... ' 
AW. 8.2 What, for you, were the main findings of the LCA? 
One stakeholder representative was surprised with regard to LCA because 'I was 
obviously not aware about howfar people had got in developing it and to realise that 
that kind of information is available and that it can fairly readily be put together into 
a package to tell you what the overall impact is'. The other participants highlighted 
the benefit of the LCA approach in relation to the BNFL DMM: 'I can see the value 
of it being used to underpin some of the criteria that have been identified as part of 
the DMM., .I still 
have ý concerns about how the context of the numbers is seen and 
made transparent, there is a danger that the numbers are viewed as absolutes andyou 
don't get the context, there's a need to improve transparency and understanding'. 
Furthermore, a number of participants were made more aware of the boundaries of 
environmentally decisions and were interested in the extra information provided by 
the LCA technique: 
'I think it did highlight that depending on where you draw the line on the 
outskirts of the where you're looking at, that lots of things impact on that 
whether they be cost or environmental concerns so raising issues I guess 
and the information you receive in and what you do with that information 
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whether you see it as important is open to debate but it certainly give the 
opportunity to look at the wide spectrum of issues that you need to take 
account ofat some time'. 
'I think unsurprisingly, when you look at the complexity of the option 3 
scenario there was an awful lot more involved in that system particularly 
in the foreground and background aspects of it that did become very 
much more apparent. So although people may have been taking account 
of some of the external aspect when scoring against the DMM, it really 
made those explicit and really emphasises the true impactfor want of a 
better word of those external issues - it made that crystal clear'. 
'the technique told me that you couldpull in a lot of information that you 
traditionally wouldn't consider on that first screen through using a 
MADA so it provides a slightly different way of thinking and makes You 
thinkfurther than you originally would'. 
'Well, it's all the stuff off site; people don't tend to think of the effect of, 
in terms of the environment, what goes on off site. Part of. the 
reprocessing debate if you take it right the way back and you get to 
uranium mining in Namibia, so it's useful to look at the effects offsite. 
'Articulating and providing some quantification of impacts associated 
with aspects of the process beyond direct management control, Le. 
outside the site or organisation, and the expression of those in terms of 
these broad environmental impacts was actually very illuminating'. 
one participant in particular was concerned about what the data provided by the LCA 
actually represented: 'the interpretation of the standard values, and knowing what 
really is the value ofeach of those standards because those values are influenced by a 
wide range of potentially subjective aspects. So, for example, global warming is a 
classic, it tells you something about global warming but what is global warming? 
What are the consequences ofg1obal warming and how do you put thosefactors into 
the balance. There is a question of how LCA can contribute to a set of attributes in 
the ecological lobe in a helpful way. I don't mean that it's not helpful at the moment, 
but there is a problem to be addressed. 
Furthennore there is a need to put things into context in which the LCA is taking 
place: 'the LCA is relating to options for a particular issue, what it doesn't do is put 
that decision into a wider context, it doesn't provide any scalefor how to discriminate 
between the options in the context of the wider impacts of that decision versus 
alternatives. The issue of normalisation is important, does it matter anyway? For 
example if option I cost; C50,000 and option 5 costf3m then does it actually matter 
the difference between option I and 5 because the only difference is putting a 
tablespoon of common salt into the Irish Sea'. This issue of normalising the LCA 
output also was touched upon by other participants: V struggled to assess the main 
findings because there is a need to put the information from the LCA into context. 
As another participant expressed there is a need 'to normalise the information 
provided'. Consequently, there is an issue with regards to 'the valuation of life cycle 
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assessment criteria and attributes that are actually meaningful and capable of being 
addressed by stakeholders'. 
AW. 8.3 Has the application of LCA affected the decision-making: 
Process?,, 
Some of the participants had a feeling, that 'people were intuitively factoring the 
background impacts into the decisions'. - Nevertheless, some participants viewed that 
LCA would not affect the-decision-making process because 'it's an extra bit of 
information and processes tend to cope with the amount of information you have got. 
The process doesn't tend to change because you're still looking at different attributes 
against options'. Others viewed the ý technique as a 'potential support tool for 
decision-making'. However, it was felt that although the LCA 'doesn't affect the 
process' if it had been 'brought in at the start we may have created new criteria and 
changed the attributes used throughout the DMMprocess'. 
However, a stakeholder representative was 'quite taken with it as I absorbed it and 
saw its potential in that it really does tie in very well with the areas that I'm involved 
infrom a localplanningpoint ofview where the issue of the needfor majorprojects a 
need to be subject to environmental appraisal, but seeing that people are increasingly 
saying that that has to be a sustainability appraisal in the broader sense. Ifyou see 
LCA as addressing the environmental appraisal approach then I think it provides a 
very useful way into the sort ofdata you need to do a very broad based appraisal ofa 
project., Ifound it very useful'. 
Nonetheless, there were reservatio 
, 
ns about the widespread application of the tool: 'it's 
a powerful tool, but I have some reservations about it being applied to all decisions'. 
9 Outcome? 
There was a view that the application of LCA information could alter the outcome of 
decisions in some situations, for example: 
'It can, in some circumstances, in our example it didn't, but I'm sure 
there--- are ý'-proiects where a full understanding of the external 
consequences of the project would result in a completely different way of 
looking at things. And by inference of course the Carbon-14 issue would 
have been looked at differently perhaps by the regulators if when THORP 
was being built if we had an LCA type approach to factor in - it would have been helpful to have an EA person here to put on the spot'. 
'I dofi't think it did, but that doesn't mean the same as it wouldn't in any 
circumstance. -It might be interesting if the exercise was repeated where 
the LCA creates a markedly different perspective, for example where the 
transportation impact ofsomething is overwhelming large compared with 
an emotive attractive reduction in radioactive discharge: for example 
let's lookat the reduction of radionuclide dischargesfrom coal powered 
power stations, we could pull out a lot of Becqurels from this, but you 
wouldproduce 3 train loads ofslurry a day and what are you going to do 
--aboutit'. 
588 
Appendix W 
However, within the workshop there was also a view that ! for some of the criteria it 
made the outcome more robust, but only for some of the criteria, namely the 
environmental ones'. With regard to these environmental attributes a BNFL 
representative felt that the technique has a role to play in 'assisting better consensus 
and a much more robust position on the scores assigned to those attributes ... as a 
result it could have changed some of the number associated with Scenario 2 but not 
without significant discussion, it provides additional information, which would give a 
more informed decision'. Tbus, the overall view was that it could change the outcome 
of some decisions. 
AW. 8.4 Has LCA affected the quality of the final decision? 
All participants felt that the application of LCA in the decision-making process 
positively affects the quality of the final decision: 'yes, it must be so because it adds 
the background, which wasn't present in the initial decision, so it must affect the 
quality because the decision is more defensible. Without the LCA you wouldn't be in 
the position to say that this doesn't have a major background impact. It's not doing 
the LCA in depth that's necessary in every case, it's about doing enough work to 
demonstrate whether or not there is a significant background affect and then that 
determines the depth to which you do the LCA'. Another participant felt that the 
application of LCA information would affect the quality of the decision 'by thefact 
that you have additional data on issues you may have already considered, but it 
actually gives you clearer information, also because it makes you think about 
additionalfactors and issues, which you may not have considered, it widens the scope 
of the decision'. Another re-iterated this view: `yes it affects the quality, for example 
the immediate view of an issue is X ifyou go into the LCA you get a different view, if 
you use LCA you identify more issues that will impinge on your decision, it basically 
brings more information to the table, it's very important to go that way'. 
However, because the overall outcome of the decision did not change this view was 
not felt as strongly by all participants: 'in part, but it's not fundamentally changed it 
because we didn't come to a different conclusion, itjust reinforced it'. Nevertheless, 
the LCA did 'help to clarify the issues'. As a result one participant felt that the 
approach 'strengthens the audit trail and the underpinning' of a decision. 
AW. 8.5 Could the presentation of the LCA be improved? 
Although the participants thought that the LCA presentation was 'very well 
presented', there were a number of suggestions for further improvements. There was 
concern from one stakeholder representative that 'it's quite a new concept and some 
of the terms are unfamiliar'. There was also concern about the quantity of 
information presented, as a result a BNFL representative thought that 'a few of the 
slides had too much information on them, if you were taking less informed people 
through that they would struggle, again in the presentation of the data putting them in 
context would be useful, you know normalising them'. Accordingly, a couple of 
participants felt that the 'presentation should be tailored to fit in with the rest of the 
process, so that will changefrom time to timefrom place to place'. There is a need 
'to pick out what the ke messages are, but it depends on the audience and how much y 
information they want about the whole thing. It's good to have a run through of the 
whole thing very briefly and then focus on the key issues, I mean those diagrams 
[referring to the life cycle diagrams] were absolutely key'. Conversely, another 
BNFL participant wanted more information on the 'background ofLCA and how you 
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generate the list of ten or so categories and the whole process is something that was I 
very quickly skimmed'over. ' That's, where Id say more work has to be done, in 
describing the methodology'. ; Overall, however, 'the LCA arguments were very 
powerful in providing confidence to what had been people's perceptions the day 
before. , As the discussion highlighted there is an issue with the presentation, 
interpretation and use ofsome of the inýbrmation that comes out and we ended up in a 
debate that was about howyou compare apples andpears and oranges. As a tool and 
techniques tofurther'inform yourjudgements then it is very powerful'. 
AW. 8.6 Opinion of LCA for decision-making; does it clarify or confuse the issue? 
It was accepted that LCA is a tool and as a result it can either clarify or confuse the 
issue: 'it's a tool, 'so it depends how it is used, you need to scale itfor the audience in 
question'., There was'concern that the application of the tool needs to be judicious: 'it 
depends on what you're looking at, IW hate to do -an LCA for something minor, it 
shouldn't be applied'Without due 'care and consideration'. This issue was also 
commented upon by another BNFL representative: 'it's got the potential to do either 
depending on how you use it, but in any decision it can only be helpful to have some 
sort oftnechanism which sets out the scope ofconsideratio? l andputs it into some sort 
of cognitive frame to keep the whole picture in view, the more complex the decision 
the more complex the LCA that is required'. 
However, others were'adamant that the-tool clarifies decision-making because it 
'expands out the interacting parts of the total system that aren't clear and maybe 
different in people's minds. It draws out and puts a very clear interactive s tem up ýYS for everybody: to be, working on the same basis'. Furthermore, a stakeholder 
representative Ielt that ý'if you regard it as a mechanism for populating a set of 
environmental impact 'based indicators in the DMM then it's a very useful 
clarification tool'. The view was that 'the more information you have the better the 
decision'. 
Another participant was unsure: 'I'm not sure it matters which it does, you just have 
to accept aný complexity it brings. 
AW. 8.7 Can the application of LCA affect the public acceptance of decisions? 
There was a view that the application may open the public's eyes and 'it could 
establish a level playingfield and may evolve thinking'. It was commented upon by 
some participants that the LCA, 'shoWS that a very thorough review of a particular 
situation -had been carried out and it threw up several new issues that hadn't been 
explicitly stated, or even thought of before, by various people in -the process. So it 
provides reassurance that a thorough job has been done and it also throws up some 
information that should help inform the decision'. This was touched upon by another 
participant who stated that 'it enables you, if the data is correct, to quantifyjust what 
all these things mean'., 
However, some participants felt that although 'it, would help in the explanation of a 
decisim, and, it would explain the justification of a decision, when it comes to 
acceptance it's more dependant on the stakeholder engagement process and who was 
involved, as opposed to the information'. This issue of stakeholder involvement in a 
decision-making process, which -utilises; LCA information, was extensively 
commented upon. For example a BNFL representative stated that 'public acceptance 
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is too wound up in values, now anything that can improve people's understanding of 
the issue that you're engaging about and a lot of that is down to the information that 
youprovide. But linked into that is the issue ofjointfact-finding, getting a fair handle 
on the agreed information set that You want to be exploring and working a out method 
ofpeer review ofthe information. Now that would help increase public acceptance, if 
LCA was used in a group fact finding approach'. Linked to this issue another 
stakeholder representative believed that 'you need to define the boundaries of the 
system with stakeholders, it may be difficult to do and may take a long time, but once 
you've the boundaries accepted at the least it gives you more confidence in the data 
and it can help the process. 
Information presentation was also commented on. For example, one participant 
highlighted that LCA could have a 'positive affect provided that it is presented in the 
right way; what you could do is present all the information without putting it into 
context in a very scientific way and I don't think that that would help public 
acceptance at all - you have to be very clever about how you present the LCA 
information'. However, another stakeholder representative was 'not sure we live in a 
world where the public are numerically aware enough to understand the outputfrom 
the LCA ... I don't mean to soundpatronising 
but that's the way it is'. 
AW. 8.8 More application of LCA within industry for decision-making? 
All the participants would like to see more extensive -application of LCA within the 
industry for decision-making: 'I think it's essentially, its definitely the way that things 
are going to have to go ... ifyour going to make informed decisions then you have to 
more LCA than has been done before'. However, a few concerns were raised that 
6some environmentalist would be rather cautious and suspicious of LCA if it was a 
technique that was being introduced to help buttress the industry's casefor adopting 
a certain approach, which I thinkyou might do because you're taking a much more 
holistic view of things. But the application of it has got to be very rigorous, as part of 
a joint fact-finding approach'. Nevertheless, the majority of the stakeholder 
representatives approved of the technique 'because it provides an opportunity to 
investigate the true effects of all these different processes and a whole range of issues, 
which are important. If you're going to make informed decisions you need that 
information up front. The way I see it is that people struggle at times to get their 
heads around the science behind the lobes [of the sustainability Venn diagram], and 
the way I see the life cycle assessment, if it's explained properly, can cut through 
some of that uncertainty; it makes it more transparent'. However, the BNFL 
participants were a little more reserved and believed that it 'depends on the decision 
that you are trying to reach; I'm a great believer in fitting the right tool to the right 
situation'. As a result a BNFL representative stated that: 'I answer yes, but it's a very 
careful yes. At the end of the day there is a need to make decisions and reflect true 
accountability so LCA has to reflect the scope of the decision. You need thresholds to 
determine when we have to apply these techniques. We have to be careful that we 
don't have comprehensive and complex decision-makingprocessesfor some decisions 
that are uncomplicated and are more about emotion than impact'. Consequently, the 
participants felt that the technique has 'applications across the boards from the 
strategic down to the design but I think whether or not it was usedfor a particular 
decision at each of those levels is a decision in itsey'. Furthermore, regarding LCA's 
application one BNFL representative highlighted that if 'it was consistent. and people 
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knew what they were doing with it, knew its strengths and its limitations, then I think 
as a tool thatpeople should be aware ofhýow it can inform decisions'. 
AW. 8.9 More application of LCA within'regulation for decision-making? 
As with the application of LCA in industry all the participants would like to see more 
extensive application of LCA within the regulation for decision-making:. 'Id like to 
see regulation justified more on 
, 
'LCAP'for sure'. However the BNFL representatives, 
compared to the stakeholder representatives, were a little more apprehensive about the 
general application of the tool and therefore more restrictive in their responses. For 
example: 'yes I would, but again it's with some trepidation, becauseI don't want to 
see the prostitution of the technique by the regulator. The regulators are very good 
'and getting people"to ostensibly! use certain techniques and then biasing, those 
techniques -you should apply it when it needs to be applied'. Overall, however the 'Id make environmental regulation more trans arent view was that 'anything that woU p 
is something that should be: encouraged; , LCA as a tool would have to be applied 
Judiciouslyfor big strategic level decisions. - 
An explanation of why the regulators currently fail to recognise the importance of life 
cycle issues and therefore LCA was proposed by a BNFL representative: 'one of the, 
reasons that they have stood awayfrom it is because it does get into this debate over 
radiological, versus non-radiological, impacts that's been an issue people have been 
keen to dodgefor quite some time. '' 
,I 
think it would be good thing to see, and maybe 
it's one of the benefits of the industry using LCA to assist in lobbying over particular 
decision& ., But tied into that though is perhaps the industry's willingness to challenge 
the'current status quo and on a decision by decision basis to challenge the regulator's 
interpretation of the information and what should be done. There is an awful lot of 
ground -to be-, gained in using'this kind of technique to present a fuller picture to 
readdrýss the balance with some of the other external stakeholders. As a result this 
participant also believed that 'it may have been useful to ap ly the technique to the ,T recent technetium issue'. 
This view was'elaborated upon by another BNFL representative: 'the first thing if 
LCA was done in anger would be that it would create a whole new area of debate 
with, the, EA, , because 'this appears to be saying that their regulatory approach is 
seriously at variants with the RCEPs..., so using this technique in a high profile way, 
which inevitable we would. be doing,, would put the EA immediately on the backfoot 
unless they have already thought about how they are going to deal with it. Part of the 
pouch of work, way before their was any engagement with the public, would be to be 
clear With the EA how they are going to respond'. , Consequently, this participant 
stated that they would 'like to see some more piloting, or examples, because what we 
have actually seen is a fairly small example to what LCA has been applied and not 
terribly controversial and it was applied to an operatingJacility. I would like to see it 
. applied in a different situation, maybe where we are looking at options using a variety 
of techniques to actually see if there is somewhere in the depths of the methodology a 
feature which can only be exposed by applying LCA in that kind of environment and 
then see what comes out of it - rather than say this is great and taking itforward, I 
would advocate a bit more testing it out and seeing what it generates'. 
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AW. 8.10 If LCA was used for decision-making who should carry out the LCA 
study (e. g. BNFL, Regulator, independent consultant, etc)? Does the choice of 
practitioner affect the public's acceptance of the LCA findings? 
Regard who conducts the LCA study it was felt that 'it will always the licensee or the 
operator using verifiable techniques and tools'. A BNFL representative reaffirmed 
this view: 'we as operators would be expected to have the assessment done, not 
necessarily by ourselves, and then almost inevitably the regulators would then get 
their own peer review or parallel study done. So I think there's a decision to be made 
about how we might resource this work, in the short term that's not much a decision 
because other than Sean I'm not aware of anyone else doing this work, if we want it 
we'll have to buy it in and grow some internal expertise'. 
Some participants felt that an 'independent group will have more trust, then the 
regulators and then the industry. Ideally it would involve all three parties andjoint 
presentation, but that's not necessarily required in every case, it needs to befit for 
purpose'. A similar view emerged in another participant's response: 'ifBNFL did one 
there would be some criticisms, people tend to trust the regulators. In terms of 
independent consultant people have a view about consultants, but generally its 
probably better than the industry doing it. If a group of stakeholders did it and it 
represented the public that would be the most powerful'. Others believed that it was 
'case dependant, but I can see advantages using independent people for their 
expertise and independence'. However, there was concern that 'the problem ofBNFL 
recruiting an independent consultant is that you'll always get 'that's what BNFL said 
anyway. The provenance of the study is not well regarded across the piece, now at 
the end of the day - it's are you really bothered about that or do You see LCA as 
helping the decisionyou're trying to reach, increasing the transparency of that 
decision. Ifyou were going down the LCA routefor a particular study as long as you 
had buy-in from the start in that this is what we're trying to to, this is what we're 
trying to look at, these are the criteria we are going to use, these are thefactors we're 
going to apply, you have to make an integrated and interactive process at every stage. 
That is why you wouldn't do it for everything you have got to be very circumspect, 
very selective'. 
Others didn't think there was an easy answer to the question: 'there is a distrust of 
industry, there is a distrust ofregulators and government and independent consultants 
are going to be distrusted because somebody will be paying them. "at Id be 
lookingfor is a degree ofpeer-review and verification. I would much rather trust a 
reportfrom a Royal Society or a Commission than I would a report by some sort of 
standing group that was paidfor out ofcivil servicefunds, for example'. Theissueof 
peer review was further commented upon by participants and two distinct views 
emerged. The first view was that 'ifyoure lookingfor credibilityfrom a wide group 
ofstakeholders I would say at the very least you need independent experts involved in 
the process. I think that you need independent people doing the study as opposed to 
simply peer reviewing a Process - who is peer reviewing the peer review, who's 
watching who? ' Another participant stated: 'there is a perception that an independent 
review would hold more weight than a BNFL conducted study. You could have it peer 
reviewed, but how that is perceived is quite dijficult to assess. Those for the peer 
review process were of opinion that 'for big decision it's got to be really a process of 
peer review, although it can be discredited it's been working in sciencejbryeaýs. If 
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you put the information on the table and let people have afreefor all by the time they 
havefinishedyou have something thatpeople are actually willing to stand by'. 
AW. 9 Decision Outcome 
AW. 9.1 Do you agree with the, group outcome of the decision? 
Most of the participants 'purely in the context of the theoretical exercise' did agree 
with the group decision: 'in an ideal situation it would be wonderful'. Thus, as one 
pragmatic BNFL representative 'stated: 'I disagree with itfor the same reason. If we 
were starting with a clean sheet of paper then aerial would be best, but as it's 
operating we have to do what we're doing.,.. we [BNFL] have more urgent things to 
consider'. 
AW. 9.2 Do you accept the group outcome of the decision? 
Most of the participants" again 'purely in the context of the theoretical exercise', did 
agree with the group decision. However, one participant made - the point that 'the 
decision suffered and the learning process sufferedfrom not having sufJ1, qient green 
NGO and regulator inpu 
, 
t'. 
AW. 9.3 Is this type of decision-making process effective? 
Regarding'the' application of the DMM and its effectiveness the view was that 
although 'it has its place' it couldn't be used isolation: 'it's part of a suite [of tools] 
for decision-making'. 
, 
'However, 'the issue associated with -the criteria and their 
definition was brought up again. For example a one stakeholder representative felt 
that 'it probably is effective given that we only took it up to a certain point, the 
technical, and we didn't involve people in the attribute generation. For the purposes 
of the workshop' it worked, in'the real world it might take longer'. Furthermore a 
BNFL ' representative stated that 'there 'is clearly further work 'to be done on the 
criteria. In terms of definition and the balance of the criteria that sit within each of 
the attributes, in that'the EH&S side of things is broken down more than the other 
aspects and does that imbalance the actual MADA'. Additionally some participants 
also revisited the stakeholder issue. For example, a BNFL representative stated; 'the 
issue is how to involve stakeholders and which stakeholders and what is their role. 
Certainly in the BNFL context as currently structured the accountability is ours and 
consulting people and taking to people is all part of informing that ultimate decision. 
How all that will play in the NDA I don't know, but certainly engaging stakeholders 
seems to* be more and more an expectation in society generally, and whatever form 
BNFL' takes in "theJuture I would expect BNFL as a Management and Operations 
(M&O) contractor to need to maintain some kind ofstakeholders irrespective of what 
the, NDA is trying to say. Another BNFL representative had a slightly different 
question regarding stakeholder interaction: 'the big question is how effectively it 
would work in a workshop with extreme views'. 
AW. 9.4 Did you enjoy the experience? 
All of the participants enjoyed the second day of the workshop. For example, one 
stakeholder representative 'thoroughly enjoyed it, the LCA was completely new to me 
but it seems like a useful tool'. , Furthermore, a number of participants thought that it 
was 'good and very useful personally, and quite fun too' some even mentioned that 
they had also 'learned a lot'. 
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)BNFL 
Decision-making'Workshop 
Research Workshop 1 
2nd June 2003 
Introduction 4D BNFL 
" Safety first... 
" Good morning - thank you all for coming 
" Who's who? 
Independent facilitators: Richard Harris (RJH Associates) 
Rhuari Bennett (Environment Council) 
MADA Expert: Alan Pearman (University of Leeds) 
- Researchers: Sean Shiels (University of Surrey) 
Dawn Garner (BNFL) 
The entire process will be filmed to provide an audit trail and participants will 
be interviewed (-30-45 mins) at the end of the day. 
Fge mt. Page 2 
Introduction 4b BNFL 
Research Doctorate (EngD) investigating the development of environmental 
decision-making within the nuclear industry: 
- Initially investigated the disparity between radiological and non- 
radiological impacts. 
- Secondly, investigated the processes of risk communication and 
decision-making. 
Four goals of research, these are to demonstrate the application, and 
measure the effectiveness of: 
Inform 
' 
ation provision upon decision-making; 
Stakeholder inclusion/interaction upon the decision- making process; 
Using the BNFL DMM for structuring decisions; and 
How A, B, C influence the acceptance of the decision-making process and 
outcome. 
Flo rot. Pap 3 
la., Establish Decision Context 4D BNFL 
The Decision Scope and Objective; 
- Hypothetical decision. 
- Abatement of gaseous Carbon-14 arisings from THORP. 
- Scope restricted to limited options. 
- Objective, bearing in mind that there are restrictions in place, is to: 
'determine the Best Practicable Environmental Option (BPEQ) for 
the treatment of Carbon-14 arisings from the BNFL 
Thermal Oxide Reprocessing Plant (THORP)' 
Fie rot. Page 4 
1 b. Establish Decision Context 4D BNFL 
Roles & Responsibilities: 
- Decision Sponsor; Person responsible for decision 
- Decision Analysts; Participants - you guys! 
- Peer Review Team; Independent review of decision not needed 
Decision Parameters, Constraints and Risks: 
Due to the restrictions Imposed on the decislon-makIng process and the fact 
that the decision is not to be implemented these issues (i. e. financlay 
technicallregulatoty constraints & risks) are not important. 
What would you raise as a constraint; e. g. environmental regulation, 
safety? 
Agree Timescales & Resource Requirements: 
Redundant within this research application of the DMM - we have todayl 
File rot. Pop 5 
Carbon-1 4(14C) 4D BNFL 
What is Carbon-14? 
Produced by natural and anthropogenic activities: 
- Interaction of cosmic radiation with nitrogen in upper atmosphere. 
- Same reaction occurs in nuclear fuel where nitrogen 
is an impurity. 
Nuclear weapons testing, nuclear plant operation, fossil fuel burning and 
deforestation all affect environmental concentrations. 
- Environmental concentrations peaked in the 1970s and have since 
dropped. 
- Half-life of 5730 years; thus storage of the fuel will have negligible effect 
on amount present. 
- Dose from Sellafield 14C sources small compared to natural sources: 
e. g. in 1998 Sellafield discharged 0.65% (78.1 ManSv) of the total 
Carbon-14 produced naturally (12000 ManSv). 
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The THORP 14C Abatement Plant () BNFL 
The THORP abatement system comprises of three key stages: 
" The Dissolver Off Gas (DOG) System; 
-The DOG passes through the acid recombination column and the iodine 
desorber column to the caustic scrubber, where it is removed from the 
gas stream. 
" The Carbon-14 Removal Plant; 
-The spent caustic liquor is transferred and reacted with a barium nitrate 
solution, which causes the precipitation of barium carbonate - sodium 
carbonate is added to 'mop up' excess barium and prevent barium 
discharge to sea. 
" The Waste Encapsulation Plan (WEP); 
-The precipitate is then encapsulated as Intermediate Level Waste (IL 
by the Sellafield Waste Encapsulation Plant (WEP). 
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THORP DOG& 14C Removal Plant OBNFL 
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2a. Identify Options to be Appraised 4D BNFL 
It is usual to consider all options, however as this is a hypothetical decision 
there are only three outcomes: 
Optionl: Direct aerial discharge of 14C to atmosphere. 
Option2: Direct marine discharge of 14C, post caustic scrubbing 
from the Dissolver Off Gas (DOG) system to sea. 
OptionI Solid encapsulation of 14C, post caustic scrubbing from the 
Dissolver Off Gas (DOG) and precipitation within the 
Carbon-14 Removal Plant, within Concrete matrix prior to 
repository disposal. 
This study is based in the present day and the assumption made that the 
front end of the plant, without significant alteration, could be optimised to 
remove NOx, Iodine, etc prior to the caustic scrubbing stage. 
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2b. Identify Options to be Appraised 4D BNFL 
Thorp 
ZL DOG Caustic, Thorp Scrubber 
Thorp 
DOG Caustic 
Scrubber 
Carbon 14 
Removal WEP 
Plant 
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2c. Identify Options to be Appraised 4) BNFL 
Options chosen because they represent those commonly considered in 
BPEO studies for the treatment of gaseous 14C arisings from the THORP 
(e. g. SALDAR 11). 
e Lack of consistency in the nuclear sector for treating aerial streams of IIC: 
- THORP currently abates all arisings of 14C through caustic scrubbing, 
precipitation, and encapsulation within concrete matrix prior to 
repository disposal. 
- Cogema abate releases of 14C originating from their reprocessing plant 
at La Hague in northern France through caustic scrubbing and 
discharging caustic liquor directly to the marine environment. 
- JNFL's Rokkasho reprocessing plant (northern Japan) has no plans to 
abate any arisings of 14C. 
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3a. Identify & Define Assessment 
BNFL Criteria 
Select criteria for option assessment: 
Primary Criteria Measurable 
Attributes 
Consider for Life-Cycle 
Con. vruction OpTations Otoofenvelipe ud! f Ui e 
Environment and Safety 
__ Chemical impacts aerial / liquid / solid, prescribed substance, limits, concentration, 
source / pathway / receptor 
Radiological impacts aerial / liquid / solid, limits, concentration, source / pathway / receptor 
Resource use materials (scarce /energy intensive / by-products), energy demand, 
- Disturbance / Nuisance noise, odour, visual 
Worker dose construction / operations / commissioning I decommissioning 
Accident risk accident scenarios, risk to adjacent plant 
Conventional safety conventional safety 
Secondary waste Non-radiological and non-chemical waste generation and disposal 
Technical Technical confidence process or technique - available / lab scale / concept 
Compatibility vvith 
existing systems 
utilisation of / impact on existing plant - upstream / dawnstream 
Implementation time time to realise and implement the option, design, construction, 
authorisation, comrnssioning 
Economic Lifetime costs Capital cost, operational costs, post-operational costs including 
liabilities 
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3b. Identify & Define Assessment 
Criteria 4D BNFL 
*IMPORTANT: 
- The DMM is to provide a technical assessment; consequently the criteria 
specifically omit socio-political or socio-economic criteria. 
'This makes for a more transparent decision-making process where BNFL is 
able to present clear technical justification for option selection' 
Some Questions: 
Are these criteria sufficient and are they clear? 
Any criteria that you think should be added? 
Any criteria that you think should be removed? 
Anything else? 
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3c. Identify & Define Assessment 
Criteria BNFL 
Organise Criteria into Decision Tree: 
Any questions/comments? DECISION 
Env&Safety Technical Economic 
Rad Impact Nuisance Accidýnt risk: 2nd wastes : Compatibility: lifetime cost 
Chem Impact ReSOUFCO Work dose Conv Safety Confidence ImpImnt time 
Fie rat. Page Is 
-. 4, Select 
Appropriate Methodology 4D BNFL 
The Multi-criteria Analysis (MCA) methodology, adopted in this study, is used 
to structure the decision-making process. 
Chosen after a review of Neo-classical Economic, Decision Support, and 
Deli berative/Discu rsive approaches for value elicitation, and inclusion, in 
environmental decision-making. 
Its main attribute is that it does not require the reduction of an issue to a 
common measure (e. g. E in CBA) - thus, economic, social, and ecological 
values are commensurable. 
0 Alan will now describe the methodology ... 
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5. Assess OPtions 4) BNFL 
Richard, Rhuari and Alan over to you 
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6a. Present Results 
e Calculated Scores: 
? 
e Perform Sensitivity analysis (example sensitivity biases): 
4D BNFL 
Preference Bias Preference Weights 
Technical, Env. & Safety, Economic) 
Technical (8,10,8) 
Environment & Safety (10,5,5) 
Economic 7 (1,1,10) 
Resolve disagreements. 
Select best technical option; i. e. best MCA output. 
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6b. Present Results Q BNFL 
Balance Sheet: 
The balance sheet considers cost benefit scenarios and other factors such as 
socid-political and stakeholder issues which aren't captured in the MCA. 
Cost benefit Analysis (CBA): 
Reduces radiological impact to financial units (ManSv; E25,000) 
This corresponds to a CBA of: 
Option One: Dose Release 
Financial Saving 
51.42 ManSv = E1.2855m 
= EO. 1630m 
Option Two: Dose Release 
Financial Saving 
Option Three: Dose Saved 
Financial Cost 
33.22 ManSv = F-0.8305m 
= EO. 1625m 
51.42 ManSv = E1.2855m 
= E2.3m or 0.163m? 
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6c, ý,, Present Results 
Socio-political factors: 
4) BNFL 
- Worker risk - OSPAR implications 
- operational risks/benefits - Legitimate use of Sea 
- Impact on Employment - Flora & Fauna 
- Other Environmental Considerations 
Typically the balance shoot is only developedlapplied to the selected best 
option(s) if they pre contentious. However, as this is a research application 
it's been applied to all options. 
Do the factors presented within the balance sheet change the 
previous decision outcome? 
FM mt. Page 20 
7. Implement, Monitor and Review fD BNIFIL 
The decision outcome is not to be implemented; therefore this stage is not 
needed. 
FHO rof Pop 21 
Final Discussion (D BNFL 
? 
Anything to raise, take forward, etc. 
FOO rot Page 22 
BNFL 
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(: ), BNFL 
Decision-making Workshop 
Research Workshop 2 
29-30t, ý July 2003 
Introduction (a) 4D BNFL 
Safety first... 
Good morning - thank you all for coming 
Who's who? 
- Independent facilitators: Richard Harris (RJH Associates) 
Rhuari Bennett (Environment Council) 
- MAIDA Expert: Alan Pearman (University of Leeds) 
- Researchers: Sean Shiels (University of Surrey) 
Dawn Garner (BNFL) 
Roland Clift (University of Surrey) 
The entire process will be filmed to provide an audit trail and participants will 
be interviewed at the end of today (30-45 mins) and tomorrow (20-30 mins). 
File rot Pogo 
2 
Introduction (b) BNFL 
Research Doctorate (EngD) investigatin'g'the development of environmental 
decision-making within the nuclear industry:, 
- Initially investigated the disparity, between radiological and non- 
rad iological impacts. 
- Secondly, investigated the processes of risk communication and 
decision-making. ' 
Four goals -of'research,, these, are to demonstrate the application, and 
measure the effectiveness of: 
- Information provision upon decision-making; 
- Stakeholder inclusion/interaction upon the decision- making process; 
- Using the BNFL DMM for structuring decisions; and 
- How each of the above influence the acceptance of the decision-making 
process and outcome. 
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-Ihtr6duction (c) 
BNFL 
Council wants say in who runs ýellqfield 
With BNFL and UKAEA under Veal from competition, Copeland 
Council wants a"say In WhO'operates'Sellafleld In the future. 
Council leader Elaine Woodburn said: "We should be one of the 
main plavers, 16 deciding who runs the site When the Nuclear 
Decommissioning Authorltv comes about. We must have a voice 
and It must he listened to: 
Deputy leader -Mike Ashbrook who Is BNFrs Industrial relations 
manger at - Sellafleld Said that when the - HDA Is set up having 
community Involvement In decision-making was ImportanlL 
Whitehaven News, 241h July 2003 
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a. Establish Decision Context 
The Decision Scope and Objective; 
- Hypothetical decision. 
- Abatement of gaseous Carbon-14 arisings from THORP. 
- Scope restricted to limited options. 
4D BNFL 
- Objective, bearing in mind that there are restrictions in place, is to: 
'determine the Best Practicable Environmental Option (BPEQ) for 
the treatment of Carbon-14 arisings from the BNFL 
Thermal Oxide Reprocessing Plant (THORP)' 
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1 b. Establish Decision Context 4D BNFL 
Roles & Responsibilities: 
- Decision Sponsor; Person responsible for decision 
- Decision Analysts; Participants - you guys! 
- Peer Review Team; Independent review of decision not needed 
Decision Parameters, Constraints and Risks: 
Due to the restrictions imposed on the decision-making process and the fact 
that the decision is not to be implemented these issues (i. e. financiall 
technicallregulatory constraints & risks) are not considered in this study. 
What would you raise as a constraint; e. g. environmental regulation, 
safety? 
Agree Timescales & Resource Requirements: 
Redundant within this research application of the DMM - we have today and 
tomorrow! 
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Carbon-1 4(14C) 4) BNFL 
What is Carbon-14? 
- Produced by natural and anthropogenic activities: 
- Interaction of cosmic radiation with nitrogen in upper atmosphere. 
- Same reaction occurs in nuclear fuel where nitrogen is an impurity. 
- Nuclear weapons testing (T), nuclear plant operation (T), fossil fuel 
burning (ý) and deforestation (ý) all affect environmental concentrations. 
- Environmental concentrations peaked in the 1964 (430 Bq kg Carbon) 
and have since dropped (e. g. -250 Bq kg Carbon in 1995). 
- Half-life of 5730 years; thus storage of the fuel will have negligible effect 
on amount present. 
- Dose from Sellafield 14C sources small compared to natural sources: 
e. g. in 1998 Sellafield discharged -0.7% (99.4 ManSv) of the total 
Carbon-14 produced naturally over the same period (12-18,000 ManSv). 
- The natural inventory gives rise to an annual dose of 72,000 ManSv. 
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THORP Process BNFL 
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The THORP 14C Abatement Plant 4) BNFL 
The THORP abatement system comprises of three key stages: 
The Dissolver Off Gas (DOG) System; 
-The DOG passes through the acid recombination column and the iodine 
desorber column to the caustic scrubber, where it is removed from the 
gas stream. 
The Carbon-14 Removal Plant; 
-The spent caustic liquor is transferred and reacted with a barium nitrate 
solution, which causes the precipitation of barium carbonate - sodium 
carbonate is added to 'mop up' excess barium and prevent barium 
discharge to sea. 
The Waste Encapsulation Plan (WEP); 
-The precipitate is then encapsulated as Intermediate Level Waste (ILM 
by the Sellafield Waste Encapsulation Plant (WEP). 
F, ie (of piýp, ýj 
THORP DOG& 14 C Removal Plant BNFL 
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2a. Identify Options to be Appraised 4D BNFL 
It is usual to consider all options, however as this is a hypothetical decision 
there are only three outcomes: 
Optionl: Direct aerial discharge of 14C to atmosphere. 
Option2: Direct marine discharge of 14C, post caustic scrubbing 
from the Dissolver Off Gas (DOG) system to sea. 
Option3: Solid encapsulation of 14C. post caustic scrubbing from the 
Dissolver Off Gas (DOG) and precipitation within the 
Carbon-14 Removal Plant, within Concrete matrix prior to 
repository disposal. 
It is assumed that the caustic scrubber's only role is Carbon-14 abatement 
(study is isotope specific) and the study is based in the present day (all plants 
constructed). Realise that this is not reality but necessary for research goals. 
It's a hypothetical decision - don't get too tied up in the technical issues... 
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2b. Identify Options to be Appraised BNFL 
THORP 
Stack 
Thorp DOG Caustic Scrubber 
Thorp DOG Caustic Scrubber Removal Plant 
WEP 
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2c. Identify Options to be Appraised 4D BNFL 
Options chosen because they represent those commonly considered in 
BPEO studies for the treatment of gaseous 14C arisings from the THORP 
(e. g. SAMAR 11). 
Lack of consistency in the nuclear sector for treating aerial streams of 14C: 
- THORP currently abates all arisings of 14C through caustic scrubbing, 
precipitation, and encapsulation within concrete matrix prior to 
repository disposal. 
- Cogema abate releases of 14C originating from their reprocessing plant 
at La Hague in northern France through caustic scrubbing and 
discharging caustic liquor directly to the marine environment. 
- JNFL's Rokkasho reprocessing plant (northern Japan) has no plans to 
abate any arisings of 14C. i. e. discharge to air. 
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3a. Identify & Define Assessment 
Criteria BNFL 
Select criteria for option assessment: 
primary Criteria Measurable 
Attributes 
Consider for Ufe-Cyde 
Cmwucdon Operadons Owofenvdope EndofL! fe- 
ErrAronment mid S3FetY Chemical impacts 
_ 
aerial / liquid / solid, prescribed substance, limits, concentration, 
source / pathwy / receptor 
Radiological impacts aerial / liquid / solid, limits, concentration, scxrw / pathNay I receptor 
Resource use materials (scarce /energy intensive / by-products), energy demand, 
Dsturbance I Nuisance noise, odour, visual 
Worker dose coristruction / operations I comrnissioning / decomrnissioning 
Accident risk accident scenarios, risk to acriacent plant 
Conventional safety comentional safety 
Secondary waste Non-Wiological and non-&gxnical waste generation and disposal 
Technical Technical confidence process or technique - available I lab scale / concept 
Compatibility with 
2ýý systems 
utilisation of / impact on existing plant - upstream / downstream 
Implementation time time to realise and implement the option. design, construction. 
authorisation, commissioning 
Economic UfetIme costs Capital cost operational costs, post-operational costs Including HANlifiAq 
Flo rot 
Pop 14 
3b. Idpntify & Define Assessment, 
Criteri'a, BNFL 
*IMPORTANT: 
The MCA is to provide a technical assessment; consequently the criteria 
specifically omit socio-political or socio-economic criteria - they are 
incorporated later, in the DMM process via the Balance Sheet. 
'This makes for a more transparent decisidn-making process where BNFL is 
able to'present clear technicaljustification for option selection' 
Some Questions: 
-Are -these criteria sufficient and are they clear? 
-'Any criteria that you think should be added? 
Any criteria that you think should be removed? 
Anything else?,, 
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3c. Identify & Define ý Assessment. 
Criteria' 4D BNFL 
Organise Criteria into Decision Tree: 
Any questions/comments? DECISION 
Env&Safety Technical Economic 
Rad Impact Nuisance : Accident risk: 2nd wastes : Compatibility: Lifetime cost 
Chem Impact Resource Work dose Conv Safety Confiýence lmplmnt time 
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4. Select Appropriate Methodology 4D BNFL 
The Multi-criteria Analysis (MCA) methodology, adopted In this study, is used 
to structure the decision-making process. 
Chosen after a review of Neo-classical Economic, Decision Support, and 
Deli berative/Discursive approaches for value elicitation, and inclusion, In 
environmental decision-ma king. 
Its main attribute is that it does not require the reduction of an' issue to a 
common measure (e. g. E in CBA) - thus, economic, social, and ecological 
values are commensurable. 
9 Alan will now describe the methodology 
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5. Assess Options: 
(a) 
Technology Table 
BNFL 
" Chemical Impact: 
- Opt. 1 results in no impact, where as Opt. 3's is extensive. 
" Radionuclide Impact: 
- Opt. 3 results in small impact (not zero), where as Opt. 1's is slightly 
larger. 
" Resource Use: 
- Opt. 1 results in no impact, where as Opt. Ts is extensive. 
" Disturbance Nuisance: 
- Small in all options; however, more activities so more disturbance & 
nuisance associated with Opt. 3. 
" Worker Dose: 
- Small in all options; however, more activities associated with Opt. 3 so 
slightly higher worker dose. 
" Accident Risk: 
- Small in all options; however, more activities associated with Opt. 3 so 
greater accident risk. 
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5. Assess Options: 
(b) 
Technology Table 4D BNFL 
" Secondary Waste : 
- Not relevant to the decision being made. 
" Technical Confidence: 
Each of the options are available and implemented at at least one other 
nuclear facility. 
" Compatibility with Existing Systems: 
- Opt. 3 is actual practice so most compatible; however, all are 
compatible. 
" Implementation Time: 
- Opt. 3 is actual practice so no implementation time; however, reverting 
to Opt. 2 would take less time to implement than Opt. 1. 
" Lifetime Cost: 
- Opt. 3 is the most expensive (E2.25m); however, as all plants are 
constructed capital and fixed operational costs are non-recoverable. 
Thus, reverting to Opt. 2&1 have only relatively small savings 
(~EO. 163). 
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5. Assess Options , (C) 4D BNFL 
Rkhard, Rhuari and Alan over to you 
-, Flord. PNO 20 
6a. Present Results BNFL 
* Calculated Scores: 
a 
o Perform Sensitivity analysis (example sensitivity biases): 
Preference Bias Preference Weights 
(Techn /, Env. & Safety, Economic) 
Technical (8,10,8) 
Environment & Safety (10,5,5) 
Economic (1,1,10) 
Resolve disagreements. 
Select best technical option; i. e. best MCA output. 
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6b. Present Results 4D BNFL 
Balance Sheet: 
The balance sheet considers cost benefit scenarios and other factors such as 
socio-political and stakeholder issues which aren't captured in the MCA. 
Cost benefit Analysis (CBA): 
Reduces radiological impact to financial unit (ManSv; E25,000) 
This corresponds to a CBA of: 
Option One: Dose Release 
Financial Saving 
Option Two: Dose Release 
Financial Saving 
51.42 ManSv= £1.2855m 
= £0.1 630m 
33.22 ManSv = £0.8305m 
= £0.1 625m 
Option Three: Dose Saved 
Financial Cost 
51.42 ManSv= E1.2855m 
= E2.3m or 0.163m 
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, 6c. Present Results 
GBNFL 
Socio-political factors: 
- Worker risk - OSPAR implications 
- Operational risks/benefits - Legitimate use of Sea 
- Impact on Employment - Flora & Fauna 
- Other Environmental Considerations 
Typically the balance sheet is only developedlapplied to the selected best 
option(s) if they are contentious. However, as this is a research application 
it's been applied to all options. 
Do the factors presented within the balance sheet change the 
previous decision outcome? 
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Tlm'plernent, Monitor and Review BNFL 
The decision outcome is not to be implemented; therefore this stage is not 
, needed. -' 
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Final Discussion 4D BNFL 
Z 
Anything to raise, take forward, etc. 
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BNF. L 
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BLANK IN 
ORIGINAL 
)BNFL 
Decision-making Workshop 
Life Cycle Assessment (LCA) 
An Introduction 
29-30th July 2003 
Why use LCA? 4D BNFL 
'A BPEO is the outcome of a systematic consultative and decision making 
procedure that emphasises the protection and conservation of the 
environment across land, air and water. The BPEO procedure establishes, 
for a given set of objectives, the option that provides the most benefit or least 
damage to the environment as a whole, at acceptable cost, in the long term 
as well as in the short. ' 
RCEP (1988) 
'to ensure the full range of options and repercussions are considered 
assessments of technological options carried out as inputs to decisions on 
environmental policies or standards should be on a life cycle basis' 
RCEP (1998) 
'An LCA is a comparison and evaluation of inputs and outputs and the 
potential environmental impacts of a product system throughout its life cycle' 
IS014040 
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Where LCA can contribute to the DMM 4DBNFL 
*11. Establish the Decision Context 
............ 2. Identify the Options to Be Appraised 410 
Assess Options.,, 
0: 
6. Present the Resu Its 
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The Four Stage LCA Methodology 4D BNFL 
There are ISO Standards 
Coal and (14040-43) for the LCA 
Scope methodology - it's internationally 
recognised! 
. ... ... .. Underlying Principles: 
Transparency 
Audit Trail 
Interpretation - 
Data Quality 
- Uncertainty 
- Sensitivity Impact Inventory 
t) ssessment Analysis 
Pap 4 
1 a. Goal and Scope Definition 4) BNFL 
9 Determine the Goal: 
e. g. to assess different types of floor covering for a domestic kitchen 
* Determine the Scope: 
- Description of the function and the functional flow (unit); 
e. g. to provide durable, comfortable floor covering for a kitchen 
e. g. M2 per 10 year period 
- Description of scenarios; 
e. g. floor coverings of wood, lino, wool carpet, stone, concrete, 
rubber? 
- Initial foreground and background system boundaries: 
-a foreground process is a process whose production volume will be 
affected directly by a change in the studied system. 
-a background process is a process whose production volumes will not 
be affected or be affected only indirectly (i. e. only through the market) 
as a consequence of the increase or decrease in demand as a result 
of a change in the studied system. 
File rot. P. U,. 
The Foreground & Background 
Systems 4D BNFL 
F, le ref paq. b 
1 b. Goal and Scope Definition 4D BNFL 
- Description of data; 
e. g. estimated, - measured, calculated, plant and published? 
- Criteria for inclusion/exclusion of activities; 
e. g. Mass and Energy, Environmental relevance. 
- Description/agreement of the boundaries of system to be studied; i. e. 
foreground and background 
- Establish agreement on the assumptions used in the study. 
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2a,;. Inventory Analysis BNFL 
e Prepare for data collection: e. g. Flow diagram, description of each scenario, 
description of data categories and collection techniques. 
Data collection; 
i. e. identify procedures for data collection of all inputs and outputs. 
Calculation procedures;, 
i. e. all assumptions should be clearly justified taking account of the 
validation of data and all. data should be related to the functional unit. 
Allocation of flows and releases:, 
LCA relies on being able to I' ink energy and material flows between unit 
processes within a product system; however, industrial processes often 
yield 
- 
more than one product and therefore allocation is required. 
- Initially allocation should be avoided. 
- Physical relationships (e. g. mass, concentration, radioactivity). 
--Economic; e. g. co-products economic values. 
F" mt. Pop 
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3a. Impact Assessment 4D BNFL 
Impact assessment comprises of two stages: 
" Classification; 
inventory results relate to environmental aspects: i. e. a measure of the 
potential impact a group of substance emissions are expected to exert on a 
particular impact category. Within classification each of these aspect is linked 
to one or more impact categories, allowing the environmental issues 
associated with the Inventory results to be highlighted. Impact categories 
range from global warming to resource depletion. 
" Characterisation; 
Characterisation converts the Inventory results to common units within impact 
categories by applying characterisation factors for each individual species - 
according to the harm it causes within a specific impact category relative to a 
reference species - the outcome is a numerical result. For example in the 
impact category for Global Warming Potential (GWP) the reference species is 
Carbon Dioxide(C02), so a discharge of 1 tonne of Methane (CH4)ls given a 
potency factor of 11, since it has the equivalent GWP to 11 tonnesOf C02. 
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3b. Impact Assessment 4D BNFL 
An aerial discharge steam consists of four gases: Carbon Dioxide; 
Tricholoroethane; CFC-1 1; and Halon-1 301. 
4ý . 
, Wdes Mass 
(kg) 
Pbte Fadors 
GAP I ODP 
Cortd 
GAP 
IxAlon 
ODP 
Carbon Dio)dde 250 1 250 
Trichloroethane 60 100 0.12 6000 7.2 
CFG1 1 9 3400 1 30600 9 
Hal on-1 301 5 4900 16 24500 80 
Total 61350 
Computer software packages are available which speed up this process. 
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3c. Impact Assessment () BNFL 
* Typical global LCA Impact Categories: 
Impad Unit 
Abiotic depletion kg QI eq. 
Gobal Warming kg CX)2 eq. 
Acidification kg 130ý eq. 
Ecotoxicity kg Cr eq. 
Nutrification kg P04 eq. 
Coonedepletion kg CFC 11 eq. 
aimmer S-nog kg NOx 
W nt er Snog kg dust eq. 
Carcinogenic kg PAH eq. 
Heavy metals kg Pb eq. 
Can use'local site specific' information; e. g. Air Quality Standards (AQS); 
Environmental Quality Standards (EQS); and, Radiological Dose Information 
(e. g. Critical and Collective Group dose). 
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4. Interpretation (1) BNFL 
Identification of significant issues: 
- structure the results from the Life Cycle Inventory and Life Cycle Impact 
Assessment to determine significant issues. 
Evaluation: 
Completeness Check; 
i. e. ensure that all required data is available and complete. 
Sensitivity Check; 
i. e. determine how reliability is affected by uncertainties, allocation 
methods and calculations. 
Consistency Check; 
i. e. ensure assumptions, methods and scope are consistent with the 
goals of the study. 
'Produce a final report for Internal (i. e. internal Independent expert) and 
External (i. e. external independent expert) Critical Review' 
Page V 
( )BNFL 
Decision-making Workshop 
Life Cycle Assessment 
The THORP Carbon-14 LCA 
29thI30th July 2003 
The Four Stage LCA Methodology 
() BNFL 
,, I 
14 
. law- 
THORP: 
1 a. Goal and Scope BNFL 
Goal: 
'to fully quantify the life cycle environmental impacts associated 
the treatment of Carbo n-14 (14C) arisings from THORP' 
Scope: 
- Three Systems for the treatment for 14C arisings 
- 14C from the dissolution of 1000 Tonnes of BWR fuel (I 9.17g) 
Description of Scenarios: 
- Option One (Aerial); Direct aerial discharge. 
- Option Two (Marine); Caustic scrubbing and direct discharge of 
scrubber liquor. 
- Option Three (Solid); Caustic scrubbing, 14C precipitation and solid 
encapsulation. 
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THORP: 
lb. Goal and Scope, 4D BNFL 
Initial system boundaries: 
- Investigate all Sellafield site processes associated with Carbon-14 
abatement, energy generation, manufacture of raw materials (steel 
drums, chemicals, etc) and wastes from these processes. 
Description of Data: 
- Foreground data measured from actual plant operations. 
- Background data taken from PEMS 4.7 database. 
Criteria for inclusion/exclusion of impacts: 
- Assessed data on all impacts that were easily obtainable and those that 
were expected to significantly affect on the study's outcome. 
Data quality requirements assessed using a 'NUSAP' (Numeral, Vnit, 
Spread, Assessment, Pedigree) data quality approach. 
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THORP: 
2a. Inventory Analysis BNFL 
" Prepare for data collection: 
- Flow diagrams were drawn and a description of the scenarios provided. 
" Data Collection: 
- All plant data was collected through personal communication and 
recorded using the 'NUSAP' system. 
" Calculation procedure: 
- All assumptions are stated within the main body of the final report. 
" Allocation of flows and releases: 
- Allocation was based on physical relationships; Le. mass, volume and 
radioactivity. 
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THORP: 
Aerial; Direct Aerial Discharge BNFL 
Aerial 
Discharge 
THORP 
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THORP: 
Marine; Direct Liquid Discharge BNFL 
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THORP: 
Solid; Encapsulation as ILW 4D BNFL 
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THORP: 
Inventory Analysis - Non-radiological BNFL 
Heading Name Option One 
(Aerial) 
Option Two 
(Marine) 
Option Three 
(Solid) 
Energy input (MJ) 0 94200 6720000 
Fossil reserves 0 1650 168000 
Mineral reserves 0 2700 35100 
C02 0 5100 304000 
NH3 0 0 1 
NOx 0 33 777 
S02 0 45 2870 
VOIC 0 30 1240 
Metals(water) 0 19 1470 
Non metals (water) 0 149 3420 
Organic(water) 0 0 22 
Water out 0 26500 12100000 
Solid waste# 0 331 513 
Landfill (dM3)# 0 106 185 
Radioactivity# (kBq) 0 12600 268000000 
* All figuresrelate to the functional unit of the study and unlessotherwise statesare kg 
# Radioactivity, Solid Waste and Landfill resultsall relate to the background system. 
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THORP: 
Impact Assessment - Non-radiological BNFL 
Heading Name Option One 
(Aerial) 
Option Two 
(Marine) 
Option Three 
(Solid) 
Extracted Energy (MJ) 0 94200 6720000 
Abiotic depletion (kg 01 eq. ) 0 1020 1910000 
Gobal Warming (kg ýM2 eq. ) 0 5110 336000 
Acidification (kg SD2 eq. ) 0 107 3520 
Ecotoxicity (kg Or eq. ) 0 1 15 
Nutrification (kg P04 eq. ) 0 4 221 
Odour (kg NH3 eq. ) 0 0 1440 
OzDne depl et ion (kg CFC1 1 eq. ) 0 0 0 
-%mmer Smog (kg et hene eq. ) 0 11 
77 
-%mmer-Smog (kg NOx) 0 33 774 
Winter Smog (kg dust eq. ) 0 59 4360 
Carcinogenic (kg PAH eq. ) 0 0 0 
Heavy metals(kg Pb eq. ) 0 0 7 
Traffic (km Traveled) 0 91 
- --- 
15 10-- 
-I 
THORP: 
Impact Assessment - Non-radiological BNFIL 
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Ffle r. f Page 23 
THORP: 
Impact Assessment - Non-radiological 
4D BNFL 
9 Significant sources of the non-radiological environmental impacts: 
- Scenario Two: 
Sodium Hydroxide manufacture. 
-Scenario Three: 
Steel ILW drum manufacture. 
Cement Manufacture. 
Electricity generation. 
Sodium Hydroxide manufacture. 
'All of these activities occur off the Sellafield site and are not 
commonly considered/quantified in environmental decision-making' 
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THORP: 4ft Inventory Analysis - Radiological qV BNFIL 
* The Radiological Inventory for C-14 species. 
Impact Discharge (TB 
1 (A) 2 (M) 
q) 
3 
Mass(g) 
1 (A) 2 (M) 3 
Solid 2.772 16.8 
LiqLid 3.032 0.260 18.38 1.58 
Aerial 3.163 1.311 E-01 1.311 E-01 19.17 0.79 0.79 
Total 3.163 3.163 3.163 19.17 19.17 19.17 
File ref 
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THORP: 
Impact Assessment - Radiological 
4D BNFL 
Critical Group Dose: 
Impact Discharqeff l3q) Dose (microSv) 
1 (A) 2 (M) 3(S) I (A) 2 (M) 3(S) 
Solid 2.772 Nnt Annfirn le 
Liquid 3.032 0.260 0.73 0.06 
Aerial 3.163 1.311E-01 1.311E-01 4.14 0.17 0.17 
Total 3.163 3.163 3.163 4.14 0.90 0.23 
Collective Grour) Dose: 
Impact Dose (manS4 
I (A) 2 (M) 3 
UI(Collective 0.70 0.76 0.09 
RJ Collective 6.26 2.96 0.49 
World Collective 56.90 38.70 5.48 
World Collective dose from natural 
14C is 72,000 ManSv 
F, fe .f A; 
THORP: 
lmpact, Assessment. - Other Impacts BNFL 
The production of Intermediate Level Waste (ILW): 
Solid encapsulation results in the production of 45 drums of ILW; 
52.6 tonnes 
25.5 M3 
E 2.25 Million 
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THORP: 
Impact Assessment Summary,,..,, BNFL 
Scenario One - Aerial Discharge: 
CGD, of 4.14 p SV - No non-radiological impacts. 
ScenarioTwo - Marine Discharge: 
CGD of 0.90 p Sv - 94 , 
GJ Energy eq. (Extracted Energy) 
1 ton Oil eq. (Abiotic Depletion) 
5 Tonnes Carbon Dioxide e. q. (Global Warming) 
Scenario Three - Solid Discharge: 
CGD of 0.23 pSv - 6.6 TJ Energy eq. (Extracted Energy) 
1900 tonnes Oil eq. (Abiotic Depletion) 
3.4 tonnes S02 eq. (Acidification) 
330 tonnes C02 eq. (Global Warming) 
52.6 tonnes ILW (25.2M3) 
'Abating 0.67 pSv (0.90-0.23), which is equivalent to consuming 139 of 
Brazil nuts', flying 63 miles or 3.3% of a chest X-ray, results in large non- 
active impacts (e. g. 325 tonnes C02 = travelling -2 million krn by car). 
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Where LCA Fits in to the DMM (a) 4D BNFL 
Where the various LCA criteria could input DEMON 
to the the DMM Decision Tree. 
Env&Snfely Tecýnical Econýomic 
Red Impact Nuisancý' ': Accident risk 2nd wastes : Compatibility: Lifetime cost 
Chem im act Res r Cc af ety Confidence lmpimnt time 
G4 Resource, Energ CO-tOxiCitY. Smog, Hea metals, Traffic, etc 
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Where LCA Fits in to the DMM (b) BNFL 
" Extracted EnE 
" Abiotic depleti 
" Global Warmi 
Acidification 
Ecotoxicity 
Nutrification 
Odour 
" Ozone depleti 
" Summer Smo 
" Winter Smog 
" Carcinogenic 
Chemical Impacts 
Radiological Impact 
Resource 
Nuisance 
Worker Dose 
Accident Risk 
Conventional Safety 
2nd Waste 
4o Heavy metals Other criteria 
o Traffic created? 
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Over to you 
* The crucial questions are has the information presented: 
- changed your previous perspective? 
altered any aspects of your previous decision? 
raised any further questions? 
* Consequently 
would you alter the criteria used for the previous decision? 
are their any previous scores you would like to change? 
- are their any previous weights you would like to change? 
4) BNFL 
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The Environmental Optimum 4D BNFL 
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Original by Allen Hickling: 29th April 2001 
Extended by Richard Harris with additional material I'Deflnitions and 
Practicalities": 22 ind January 2002 
. DRAF 
STRATEGIC PLANNING 
I 
The aim of this paper is to explain how strategic planning can be combined with the 
management of uncertainty to provide a way forward for the Spent Fuel Management 
options (SFMO) Working Group (WG). In it the following definitions are used: 
1) A scenario is a sequence of activities leading to a particular long-term future. 
2) An action plan is a package of relatively short-term actions. 
A Conventional Strategy 
A conventional strategy is a scenario combined with an action plan designed to 
achieve a selected best future. (See Figure 1. ) 
time 0 
here & short long 
now term 
a conventional 
excluded futures 
action plan 
one "best" future 
excluded futures 
Figure No 1: A conventional strategy 
This may sound simple, but the truth of the matter is that it is very difficult, especially 
where there are many uncertainties and many stakeholders. Even if it is possible to 
get agreement about which scenario to choose - and often it is not - there is usually a 
wide range of opinion on how best to achieve it. 
This is for two reasons. 
There is always considerable uncertainty to be faced - not only about 
how the various short-term actions could work out, but also about 
possible future events, and about the way others might behave. 
I 
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The stakeholders have very different values - expressed in their 
perceptions; the assumptions they make; and the priorities they choose 
to set - which underlie all their efforts to overcome the uncertainty. 
Most often this makes it all so difficult that the search for agreement has to be 
abandoned, and-the way forward is chosen by individuals who are in a position of 
power of some sort. 
A Strategy with Management of Uncertainty 
However, there is another way. In this a strategy is developed by selecting a range of 
good scenarios excluding only those that are not feasible or are clearly less desirable 
than others. These are then combined with a strategic action plan comprised of a set 
of short-term actions selected so as to keep the widest range of good futures open. 
(See Figure 2. ) 
time 
here & short long 
excluded futures 
a strategic action 
plan a range of good 
futures 
IL 
excluded futures 
Figure No 2: A strategy with management of uncertainty 
In this case the search for just one most desirable long term future can be put aside. 
Not only is such a search extremely difficult - maybe impossible in a multi- 
stakeholder situation - but, in any case, there are so many uncertainties along the way 
that it is most unlikely that the chosen one will be achieved anyway. In its place a 
more effective approach is to develop a strategy in which the uncertainty about how 
things will work out has to be acknowledged as something to be managed openly and 
creatively - not suppressed or ignored. 
In this the strategic action plan will contain 
robust and adaptable short-term actions, 
explorations to reduce the most significant uncertainties, 
and contingency plans in case unavoidable assumptions turn out to be wrong. 
Where a variety of stakeholders is involved, consideration may also have to be given 
to actions designed to alleviate the negative impacts of the strategy which are likely to 
affect some of them. 
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STRATEGIC ACTION PLANNING: 
DEFINITIONS AND PRACTICALITIES 
USING SCENARIOS: 
SAP work can be carried out following the development of a number of "scenarios". 
A scenario is defined above as "a sequence of activities leading to a particular long 
terinfuture"; in this case the scenarios effectively describe all or part of the route to a 
number of possible future states. 
"Interrogating" a set of varied, and often opposed, scenarios in the SAP framework 
enables a group to explore the range of possible futures which exist, along with all the 
inherent uncertainties associated with them. SAP helps the group to undertake a full 
exploration because it explicitly avoids the anxiety associated with the search for one 
"best" option. 
THE SAP FRAMEWORK: 
A typical Strategic Action Planning table will look like this: 
ASSUMPTION I ACTIONS I EXPLORATIONS DEFERRED 
ACTIONS 
(OR DECISIONS) 
CONTINGENCY 
ASSUMPTIONS: 
Assumptions are used in strategic action planning where an uncertainty cannot be 
easily or quickly reduced. These are made explicit and then clearly stated. Each 
assumption (or group of related assumptions under an "Issue" heading) then starts a 
row of the table. 
Typical Question(s) (TQ) - Nat assumptions are being made in order that this 
scenario can work? 
ACTIONS: 
What is to be done in the short term. These tend to be actions about which there is 
little or no uncertainty, especially with regard to their relevance or impact. 
TQ - Nat short term action is required in order that this scenario is to be pursued? 
EXPLORATIONS: 
Those areas of uncertainty to be researched or investigated, starting in the short term. 
Explorations are aimed at reducing the uncertainty relevant to the assumption and 
often are intended to support decisions which can safely be put off to a. future date (or 
deferred - see below). 
TQ - Hat needs to be known in order that the uncertainty can be reduced? How can 
wefind out? 
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DEFERRED DECISIONS OR ACTIONS: 
Decisions, or actions, which can be safely deferred - often pending the outcome of 
explorations when the uncertainty has been reduced. These are usually decisions 
which present a risk if they are taken now (based on an assumption) and are better 
deferred till more is known and the associated risk can be reduced. 
TQ - Hat decisionlaction can be deferred? "en does the decision have to be made 
or implemented? 
CONTINGENCY: 
What will be done in the event that the assumption turns out to be wrong? N. B. When 
a number of scenarios are being considered it is common for one scenario to be the 
ultimate contingency for another. 
TQ - e. g. Hat will be done ifthe plant suffers a catastrophicfailure? 
RESULTS AND CONCLUSIONS: 
A completed SAP table m' ay be a result in itself as it will, for example, provide 
strategic direction, including adaptable critical path and milestones information. 
However, when a number of scenarios have been explored it is necessary to bring 
them together and develop a single strategy (which, of course, need not be exclusive 
to one scenario or another). This may be done in at least two different ways: 
(i) , Producing a single SAP 
This is based on applying the accumulated learning derivedfrom the scenario based 
SAPs done to date. This will usually start with a look at the SAPs to see what 
commonality exists between them and then resolving outstanding differences. 
", "Developing Conclusions and Recommendation 
This is -also based on applying the accumulated learning to date. With reference to the 
scenario SAPs it should be possible to identify areas of convergence where, for 
example, no matter which feasible scenario is used similar actions, explorations etc 
are required. These thenform the basis ofderived conclusions and recommendations. 
CYCLIC WORKING: - 
It is critical to note that working with SAP is a cyclic activity in two senses: 
(i) moving from one part of the table to another is not constrained by vertical or 
horizontal one step shifts; indeed, trying to work with the SAP table with such a linear 
approach is unlikely to be successful. 
(H) A number of "paýses " is usually required before a group becomes comfortable 
with the content in the table. On each pass the group is likely to alter its earlier work 
as they learn more about the scenario, the concept of uncertainty and its management 
through SAP. At each pass the work will be improved and will eventually become 
It rm 
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AN EVERYDAY EXAMPLE: 
Imagine you are expecting a child and need an additional bedroom. Your preference is 
to buy a new house which will provide the space you need. An alternative scenario is 
to convert your existing loft space to provide a bedroom. Of course, at the outset you 
cannot know everything you possibly need to know, so you make certain assumptions, 
for example: 
(a) A desirabI6 property can be found 
(b) Your own property can be sold 
(b) The purchase can be financed 
etc 
ASSUMPTION ACTIONS EXPLORATIONS DEFERRED CONTINGENCY 
ACTIONS OR 
DECISIONS (Later) 
(Now) (Now) (Later) 
(a) A desirable Contact View a number of Choice of house to In the event that a 
property can estate agents properties and draw buy. desirable Property 
be found covering the up short list. cannot befound - 
desired area. Decide whether (i) abandon moving 
short term renting plans and consider 
Develop is acceptable converting the loft 
criteria to Contingency. or (H) sell own 
enable short Establish the cost and property and move 
listing of other implications bf into a rented 
options. renting a property property. 
(see contingency). 
(b) Your own Contact Research market to Choose estate agent In the event that 
property can estate agents determine minimum andplace property yourproperty 
be sold and seek at acceptable selling on the market. cannot be sold- 
least 3 price. Decide whether or convert the loft. 
evaluations not to sell. 
W The move Determine Contact a number of Choice of lender. In the event that the 
can be financed the likely lenders to establish move cannot be 
amount interest financed - convert 
required. rates, the loft. 
packages etc. 
Establish likely cost 
and other 
implications of loft 
conversion option. 
Note 
This simple example is definitely not exhaustive - as anyone who has ever bought a 
house knows full well! The example is intended to help the reader understand how the 
components of a SAP may interrelate; of course, you may not bother doing a SAP for 
such an everyday exercise! But there again... 
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